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1 DESCRIPTION HYDROTALCITE-LIKE PARTICULATE MATERIAL
AND METHOD FOR PRODUCTION THREOF 5 Technical Field [0001]
The present invention relates to a hydrotalcite-like granular material and a
method for production thereof. Background Art 10 [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. HenceI,) €§a§&}£ —gyﬂmesis methods have been
disclosed. For example, one of the disclosed methods produces
hydrotalcite in a water solvent by using magnesium 15 hydroxide as a

MagResHHROIOM ¢aleror 1ReE FratantiiciatirgrATRRIANANES OfER€I0D FOR

disclosed methods reacts magnesium ions with aluminum ions in an

agueous solution in the prespresef@@NegREeg 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, 20 selenium, hexavalent chromium, nitrite ion, and other
anionic hazardous substances, it d@slméecakpbwdded to contribute to the
technologies for improving safety of waste products or the technologies

FBPUtoxify iy B TRGIMTHEPTHE BHRA SRS AT YRk GiRGHET qRalffabnd a

&%%awﬁigt?g dﬁéalttl%ﬁ Blreer\et(gptlng e_Il_Jtlo_n of hazardous substances,
ameliorating Soil, promoting stabilization of hazardous substances at

waste disposal sites, etc. 25 [OOO.ﬁag%%m hogd of immobilizing anionic
hazardous substances may mix powder hydrotalcite in a solution, in

woieh hazamgarHsauRsianGes i@i§§9&%§%ﬁﬁﬁﬁﬂ9@ii§l6&i&rih%4§w@asc1ay mineral,
substances, and then isolate hydrotalcite from the solution by

poasshisizatibe RAain 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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using a filter press or the like. However, this method requires a
pressurization means for pressing hydrotalcite and the solution to a filter
fabric with a large pressure, which leads to a problem that the whole
instrument becomes large. [0005] Hencey small facilities use granular
hydrotalcite, which is a state of 5 hydrotalcite solidified to form grains to
enable anionic hazardous substances to be immobilized with a relatively
small pressure. Granulgr hydrotalcite n%g:-ds to have a. large grain size so

Beiot (9 R REE TREHA0GSing RS ahd b AL AiRHE RO AL s rization means for
g!é’%'%*nc“f?“dtr% arc(i)t%:r%a&/ hESdhiGly o'%t'ﬁﬂe'r“%%'é‘%ﬂ lea%%&r)]er%% O‘z\%v%h leads

aten erature nexamined Japanese Patent plic

Rubirsien Ma: HE-waorLARAIRaLIRGHE gobnexamined Japanese
Patent Application KOKAI Publication No. 2003-26418 Disclosure of

fovesition PraflenialbaSntuadby dhednartine:dioit00RKichieyvesers bt a

case where a granulating machine is used, a separate granulating stage
hadrotabetsed]diiict indoemsgsitiettiemaEndoosis heguidedsfeutiktences to be
production. The use of a binder also increases the costs, and the use of
thimebibisrsh Wit ra tivaly kb rirssered ety hansostlkifareedsite have a
the grains, which raises a problem that the grains adsorb less anions. 20

[PRESETAR Bt B B0k BreisRtIHGEARSS Rad Irotder ansgtitiacetings for

ranular material that has a stable morphalogy and, a high anion
distoe ershag AR A TG cost ana o

XCHANGE Performance aAdtiat
f6Haed f°rﬂ%‘c‘éﬁ%‘ﬁﬂ%&tﬂnﬁ%r?%d%‘%ﬂﬁn@‘&rﬁgd}{m BageRr %%?;?FJQQQ%JIQAI

achieve the above object, a hydrotalcite-like granular mat according

BoUS R Presentinyentign originates from drying of a material that
contains at least a hydrotalcite-like substance and water at equal to or

lower than Ratemn patatsoecsl: Whickathieldyd pakaicit@diket suhdianteni K OK AT
dehydrated of crystal water contained therein (a temperature 3
Publication No. 2003-26418
Disclosure of Invention
Problem to be Solved by the Invention
[0007] However, in a case where a granulating machine is used, a separate
granulating stage has to be set, which increases the time and costs required for the
production. The use of a binder also increases the costs, and the use of this another
material than hydrotalcite reduces the ratio of hydrotalcite in the grains, which raises a
problem that the grains adsorb less anions.
[0008] An object of the present invention is to provide a hydrotalcite-like granular
material that has a stable morphology and a high anion exchange performance and that
can be produced at a low cost, and a method for production thereof.
Means for Solving the Problem
[0009] To achieve the above object, a hydrotalcite-like granular material according
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
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at which the hydrotalcite-like substance starts to be dehydrated of crystal
water contained therein). A hydrotalcite-like granular material is a state of
a hydrotalcite-like substance solidified to form grains. [0010] A
hydrotalcite-like granular material according to the present invention also
5 originates from drying of a material that contains at least a
hydrotalcite-like substance and that has a water content of 70% or lower

at egual to or lower than a temperature at which the hydrotalcite-|ike )
%h%giaﬁéjéeigyd%ﬂ HfebkSruRear G ROy %%E(Féir‘?. tﬁ@iti‘i Tre{ffgontained

ase, it is preferred that the drying be performed. at 90C or higher.a
R L e S R S T 0 S R gpgnce
o oLR thgshumidity is 90% or higher, in terms of water

permeability. [0012] Further, a hydrotalcite-like granular material

ARC@Eing ta HelRieRSRL iKY eRtitla W breRatedilg Sanaptiyeat #@ntion also
adsorbs fluorine ions (F-) by an amount of 8 mg/g or more, when the

byidnoitds ifedikérgnamnotar imaderiblloft thattguantityas adgddbtelcitndiktireloktance and
for 60 minutes in a fluorine solution of a quantity of 1000 ml, whose

thad hiaza 18 ehc(miprioricéMtraidavisTiae aig)itend WniiHliemaigseeragire at which
20C. [0013] It is preferred that these hydrotalcite-like granular materials of

the rdetE iR iR Tiarks &5 W H e sy Lavy B hrghtingdgherein.
d he hyd Icite-lik | ial i loride, |
e R B B R R ORI 8 SR hiher and

e e-Tike granula produce

piloyergtalsiler ke sibstap %ept?@%ilquadﬂtytﬂ@ﬁ@iﬁgﬁe%eg%ggeﬂ%g'ér a condition

smaller. Itis preferred that the hydrotalcite-like granular materials adsorb

anduinmahiize @ oaion: ki dadk!elacessthakher puaiRialois-like granular
materials have a grain size of 0.24 mm or larger. [0014] A method for
[pomtiction Birehby,drbtalciteiike- Gkapuban msikeriati acaardhidig gao tihe presant
invention includes drying a material that contains at least a
hyerstatcivehiikeropsubistanpeuatity ofakbg.adsqial fiwdone i a by an amount of
temperature at which the hydrotalcite-like substance is dehydrated of

BrySra) Qaher oriaThey thiehisitl JooiSE AraTetkismasertoofidab AN is added to
QX(? g(t)itr%l%tﬁ)_rl%S %ri%lrllt%lg 1rnnz1¢ Sggllg cs:gﬁlr‘g(i)rrllgogoa%[uantity of 1000 ml, whose fluorine
ion (F’) concentration is 116 mg/l and which is adjusted to 20°C.

[0013] It is preferred that these hydrotalcite-like granular materials of the present
invention have a water content of 10% or higher. It is preferred that the hydrotalcite-like
granular materials contain a chloride. It is preferred that the hydrotalcite-like granular
materials be produced from a hydrotalcite-like substance having a crystallite size of 20
nm or smaller. It is preferred that the hydrotalcite-like granular materials adsorb and
immobilize a cation. It is preferred that the hydrotalcite-like granular materials have a
grain size of 0.24 mm or larger.

[0014] A method for production of a hydrotalcite-like granular material according to
the present invention includes drying a material that contains at least a hydrotalcite-like
substance and water at equal or lower than a temperature at which the hydrotalcite-like
substance is dehydrated of crystal water contained therein.

[0015] A method for production of a hydrotalcite-like granular material according to
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the present invention includes drying a material that contains at least a
hydrotalcite-like substance and that has a water content of 70% or lower
at equal to or lower than a temperature at which the hydrotalcite-like
substance is dehydrated of crystal water4 contained therein. 5 [0016] In
this case, it is preferred that the drying be performed such that the
hydrotalcite-like granular material maintains a water content of 10% or
hlgher It is preferred that the hydrotalmte substance atis

u
R AR TR A G ST

u%ﬂgrrlfcoerm%gi (a)lg:aor a Iegrher ?enq (:)Ifl’%:% or lowgrr ail' %)casléﬁlet(;t Of#)%er than a
nventlon Cccor mg to the present inven IOFI | possSI

amp@%@)@%ﬁ!ﬁ'ﬁﬁe'!%%ﬂf@i%ﬂ@hﬁé%ﬁ%b%ﬁ@@ﬁé‘@&?&%ﬁ%m@@Qéér

a high anion exchange performance, and that can be produced at a
Rwtsast aaeba method for production thereof. Best Mode for Carrying Out
the Invention 15 [0018] A hydrotalcite-like granular material and a method
f60 rbductianitiseresef insquedirgetothhetheabgnty egritormeéd noch Beat the
explained. [0019] The hydrotalcite-like granular material according to the
pydsetatanediwaiasulabmmpiedabyndiyinigol & driteoriPtha dOhttndighpsastlt is

h drotaIC|te like substance and water at equal to or lower than a

T %ﬁbﬁ&rﬁtﬂ%@w&s@}éﬁ@qﬂ&t@}%ﬂ%@me HRIAGrARsiraPt 20 nm

crysta wate conta hﬁerel (t m ature ch the dr_'h talcite-li

S R B e R R A S S B o on
{9\%9] A hydrotalcite-like substance is a nonstoichiometric compound
having a structural formula of M2 + M3+x(OH)2(A"-)./, mHzO. M2 +
represents a divalent metal, apgexaspplesRic-Mzhare Mgt+, F e Zn2+,
Cat+, Lie+, Nit+, Coe+, Cue+, etc. M3+ 25 represents a trivalent metal,
potd ‘BExamples afdidg-toatte: Ale3dniad+iosHietcpdysibdpregeoisdar agpiivtalcite-like
A hydrotalcite-like substance of any kind may serve, and, for example,
prathansierod degchbyalytatitd owimd oteetheddadydbeansedk g hange performance,
and that can be produced at a low cost, and a method for production thereof.

Best Mode for Carrying Out the Invention

[0018] A hydrotalcite-like granular material and a method for production thereof
according to the present invention will now be explained.
[0019] The hydrotalcite-like granular material according to the present invention is
obtained by 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 (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)»(A™)ynmH,0. M*" represents a divalent metal,
and examples of M*" are Mg”", Fe*", Zn*", Ca®", Li*", Ni*", Co*, Cu®’, etc. M;;
represents a trivalent metal, and examples of M*" are A", 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.
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[0021] First, an acidic solution that contains aluminum ions and
magnesium ions is prepared. [0022] Any aluminum source for providing
aluminum ions may be used as long as it generates aluminum ions in
water, so the source is not limited to a particular substance. 5 For
example, alumina, sodium aluminate, aluminum hydroxide, aluminum
chloride, aluminum nitrate, bauxite, residue of alumina production from

uxite, aluminum sludge, etc. can be used. These aluminum sources |, . )
Eﬂ% lﬁe soIEWEsaé’daS"gt\ﬁ/S‘HP‘ilﬁBragﬁtf tRBENS BN A BeAidagagnesium ions is
cpemé)ien(gtion. [0023] Any magnesium source for providing magnesium ions
Ignall?/ be used as long as 10 it generates magnesium ions in water, so the

RUFEE is naLUniigdifua PRIHAUBE SHRIBASSIuFOR EXATRIG R YERed as long as it

magnesium hydroxide, magnesite, calcined magnesite, etc. can be used.

JORSENAUNERIUM RolrGesvmay fetelebntsed aptwmBedore pidiaser substance.
sources may be used in combination. [0024] It is not necessary that an

Blormiramp onapouind, asdtheraluwhinumtspuloenanana hiBrmadmesiuminum chloride,
compound as the magnesium source fully dissolve in the acidic solution,
pumatussstpieirbaxim unsiibigsod st miagrimeiirtion Sraecehtxissistumipem sludge,
acidic solution. Accordingly, hydrotalcite can be produced without a

BoPevishds thEhasS AL SHRIIBroUsTRRME RSN tHAds B ofkiRore of these

aluminum cgénﬁ)o nd and thetmagnesium compound. [0025] A general

f8lrlrrncﬁf’ar%"fya y fotaicie har ¢Sftains aluminum ions gnd 20 magne_sium

t{@ﬂ%‘f Mgty +e)§ﬁ91|i |§6{@bé)f(0 _H)%@dﬁ’lv ﬁ{§%ﬁbs&dﬁlq8n§qj(%§r§[a Zsed as long as
nown that the commonest composition of a highly crystalline hydrotalcite

RURNTA HALT P ARAWRRINGSHELIRASASL Adnalalisatis fbdidcular substance.
(x.25). Hence, it is preferred that the molar ratio of the aluminum ions and

Hie sxagipds)biuddes nmfine swidingibiios beaiméoie ranigined ageedi2, etc. can be
Within this range, a hydrotalcite-like substance can be produced 25
agdantdhesusipgnasmmssofirnes sbzldace]dljthsad wadtinganpoenass dfese sources
the aluminum source and the magnesium source. [0026] It is preferred

thax beidredidjgetmidmtismne acidic solution use nitric acid or 6

[0024] It is not necessary that an aluminum compound as the aluminum source and a
magnesium compound as the magnesium source fully dissolve in the acidic solution, but
at least their aluminum ions and magnesium ions need to exist in the acidic solution.
Accordingly, hydrotalcite can be produced without a problem even if the acidic solution
contains undissolved masses of the aluminum compound and the magnesium compound.
[0025] A general formula of a hydrotalcite that contains aluminum ions and
magnesium ions is Mg2+1_XA13+X(OH)2(A”')X/H-mHZO, where A,. is an anion. It is known
that the commonest composition of a highly crystalline hydrotalcite contains aluminum
ions and magnesium ions at a molar ratio of 1:3 (x=0.25). Hence, it is preferred that the
molar ratio of the aluminum ions and the magnesium ions in the acidic solution be in the
range of 1:5 to 1:2. Within this range, a hydrotalcite-like substance can be produced
advantageously in terms of mass balance, without wasting any mass of the aluminum
source and the magnesium source.

[0026] It 1s preferred that acidic adjustment of the acidic solution use nitric acid or
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hydrochloric acid. [0027] Next, the acidic solution containing aluminum
ions and magnesium ions is mixed with an alkaline solution that contains
alkali. It is preferred that the alkaline solution have a pH value of 8 to 11.
The mixing of the acidic solution and thegalkaline 5 solution can be by
adding the acidic solution fully to the alkaline solution at a breath, or by
dripping the acidic solution down into the alkaline solution. However, a
referred .manner is to mix the acidic solution and the alkaline solution by
ﬁ%@(ﬁﬁ&ﬁ}ﬁs at a time, according to the agitation capacity available
ixing. Needles to ,any.other method may be used as long asit . .

O e oot . S SR UM R, TR fons s

Qe8] vy alkaldaibe comiainethdp Hg@lka!ng FOIURON PAKREHSEd e alkaline

long as it can alkalify an aqueous solution, so the alkali is not limited to a

patidansybshneaiuéof exanple, SR immiAydpRidactalcivmivye epddee alkaline
etc. can be used. Further, sodium carbonate, potassium carbonate,

sohuniomicam bartipo adden @thenandaovsatetiosofliimtbohatelkhbrpotabsiomat a breath, or
borate, etc. can be used. These alkalis may be solely used or two or more

by ditsangkbfisediy seluided dowonmbindbionlfainopdiriena hidpmever, a preferred
crystalline hydrotalcite exchanges its ions preferentially for carbonate

TBRSE dai SRR ReRth Handute ToArdethchakgHacrsP i taRye wiiBlfsaripunts at a
contains cgrbopagﬁ ions. Hence it.its pref?rlg?dtlhat the acidic sglution and h
PR ARSI S0 Qo fidR SRS I RAT RO AYAIN REF D3NS Tois ih ordst tRafthany other
esiolPisile- e subsiancg, SaneTEealk Baye 5 995 GHENARGRCHALMS and the
target anions. [0030] It is p%eferre that the mixing of the acidic solution

andithe Qiikaipe solution should not be followed by a ripening process

because without ripening, the crystallized hydrotalcite-like substance will

fonis¢ growmpndkihetbydrotalciigelikie shbataniceccanutiavienly dsnald as long as it
crystallite diameter (crystallite size) when its production ends. In this case,
simcelkeddhydretuieie-lidusigbstem teewilkble maiatdinstbdta snpaliticular substance.
crystallite size, the solutions will be colloidal by mixing. 7

For example, sodium hydroxide, calcium hydroxide, etc. can be used. Further, sodium
carbonate, potassium carbonate, ammonium carbonate, ammonia water, sodium borate,
potassium borate, etc. can be used. These alkalis may be solely used or two or more of
these alkalis may be used in combination.

[0029] Since a highly crystalline hydrotalcite exchanges its ions preferentially for
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 alkaline
solution should not contain carbonate ions in order that the hydrotalcite-like substance
can efficiently have its ions exchanged for the target anions.

[0030] It is preferred that the mixing of the acidic solution and the alkaline solution
should not be followed by a ripening process because without ripening, the crystallized
hydrotalcite-like substance will not be grown and the hydrotalcite-like substance can have
a small crystallite diameter (crystallite size) when its production ends. In this case, since
the hydrotalcite-like substance will be maintained in a small crystallite size, the solutions

will be colloidal by mixing.



10 pMS

15

20

25

[0031] In order not to allow ripening, after the mixing of the acidic solution
and the alkaline solution is completed, the mixture solution may be
reduced to a pH value at which crystalline growth of the hydrotalcite-like
substance stops. For example, a hydrotalcite-like substance having a
general formula Mgt+_.Al'+.(OH)2(A"-)~/, mH20 can 5 be stopped from
ripening, if its pH value is reduced to equal to or smaller than 9. A

drotalcite-like substance having a general formula L .
L Ao, A i i B BN S repian and the

YRGS Lof! 1%%di§°c%%g¢j‘1étte°d° E%mn%iﬁh%é‘%%1%%%%358%&5% 025 B%alue at
stopped by moisture removal. For moisture removal,” suction filtration,

CRHTIRASRRR BN ANGSHIN Filidhlic metieds,maxnbe &mployerbl@xample, a

[0033] Hence, for example, in ordér that a hydrotalcite-like substance
havic@laitgemeraliormnedanMais b gcAbr(RMA(A M, ik 2QRay, havg, amH,0 can
crystallite size of 20 nm or smaller, the mixture solution may be adjusted

be atpppedltierof @ponmmaiferts withivaliOisnménluted afteroalpreferablylatrtben 9. A
same time when the mixing of the acidic solution and the alkaline solution

hy denapeeclika pybsiatho daria Bectared foraptira pHARIWOS(4A5 lpp mH20 can
smaller. For example, the acidic solution and the alkaline solution may be

bRsteeP iR TG distall anbicthey dreethirsquit i© Qstnimistshan 5.
isture from th idic soluti d the alkali tion by
g&lﬁ%?gﬁ m(g?_ %rnelnroclz?r* a sqagle Is%osg%gél%g/r%EOés[tluEearer?hcl}%gfz% 0'19 pn }éture removal,

filtratfon, centrirugal séparation, ike wi minutes
‘ b ‘ ) : ed.
e e mploved

nce gRnaye washad sperfterithe mixresriithe #tidigu3MHeN having a

and the alkaline solution is completed. Note that chlorides such as NaCl,
gtacthibfaaneuprddgted AltiinQHhe AYhthesis Onaysbbake pt inythal l$iehstena®20 nm or
[0034] After having as much moisture as possible removed therefrom with
smphedetiermindd protsiive applibd &ljwiddigdraldrelet elshdiltenglessyithin 120
etc., the 25 hydrotalcite-like substance produced in this manner is dried at
BURIEPtHE TN T it tsniher sttite Wing RTBsHBenFétE Sitdbkacidic solution and

ubstance is dehydrated of crystal water contained therein. In other
TSrAEA Bt R RO Y Bho e RS ST S G D Obra s pH value of

or smaller. For example, the acidic solution and the alkaline solution may be diluted
with water immediately after they are mixed. It is also fine to remove moisture from the
acidic solution and the alkaline solution by suction filtration, centrifugal separation, or the
like within 120 minutes after or preferably at the same time when the solutions are mixed.
In order that it is guaranteed that ripening will not occur, the hydrotalcite-like substance
may be washed soon after the mixing of the acidic solution and the alkaline solution is
completed. Note that chlorides such as NaCl, etc. that are produced during the synthesis
may be kept in the substance.

[0034]  After having as much moisture as possible removed therefrom with a
predetermined pressure applied by a dehydrator such as a filter press, etc., the
hydrotalcite-like substance produced in this manner is dried at equal to or lower than a
temperature at which the hydrotalcite-like substance is dehydrated of crystal water

contained therein. In other words, not the crystallized hydrotalcite-like substance but
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only the water is dried out. Specifically, the hydrotalcite-like substance that
has a water content of 70% or lower, preferably 65% or lower, or more
preferably 60% or lower is dried until there is finally produced a
hydrotalcite-like granular material that hags a water content of 10% or
higher and 20% or lower, preferably 10% or higher and 15% or lower, 5 or
more preferably 11% or higher and 12% or lower. The water content of the
hydrotalcite-like granular material is ma'ntainﬁ:d %j) 10% or higher because

Ot DR AR Btowar Rl Sodn ey RIS ARHAGiRRP g hat has a water

material will absorb water when . it is £xposed to a solution or the like and .
R R R R IEEF B B S ver i

M‘l?é&ru?l‘ﬁ‘i‘tt%@}é%é%ﬂ%ﬁ%@eﬂ’%ﬁ&&%ﬁf&?@ﬁﬁ%tgrﬁlﬁﬁlﬁqtﬁlal&ig}'ﬁg@tﬂas a water

of the hydrotalcite-like substance that contains water. The quantity o

veieht caNteined ingdhe hydrecierliversyhstamsr Wos HERsUedRA38Y, or lower,

on Japan Industrial Standard "Test method for water content of soils" (JIS

#r 1208: 198RrdbR33 ] Theodripbete mperitbseandy e .anif lempakatwengsit of the
long as it is equal to or lower than a temperature at which the
hydnoesditelilecsansneatyiab iy draraintCaistal 19 higbercesreusedvith a water
therein. In order to give the h%/é({jrotalcite-like granular material a large grain

eptent Rf e B 10°Gsths ReinRls tfolkarsiAanpaicsiatevith sl viter when

ihe dying (emperatune i 9o low, e ydroglclie ke qrapular Materal ., 1onger
will get easily dissolved in water. Hence, a Specific drying temperature’is

E%‘%Farﬁﬁﬁllo et ARG A LA t%%'ﬁﬁ%%ﬁi§r§f%§8'é’\9ﬁ?r9§plegt5 tg the total

er and 110C or lower, or more 20 preferably 95C or higher an

Qudawer of0RR6h s s iRd i Ry BeRREAME IR ARY ABNEr THerquantity of water
example, an ordinary drying furnace or the like may be used. Natural

ceyinmmed danahe ligdrpaaite-dilaayubismndeewise theésuigdebapgmiditylispan Industrial
preferred during the drying for the morphological stability of the
hizabtal Ciedikoaghad dtarwatteeialtdho p Ese@ilnple]| She B2A3UNO8) . water
vapor in the 25 drying furnace may be adjusted to near the amount of
Srated wWate AEPEreODI 3¢ 0098 REMNitPMRIOaArer A long as it is equal to or

drotalcite-like substance dried in any such manner may be sifted, so 9
ﬂ))\/zver than a temperature at w {cﬁ the ﬁya/rota?chlte-ﬁl?e substa}ice 1S (I(te?lydrated of crystal

water contained therein. In order to give the hydrotalcite-like granular material a large
grain size, it is preferable to use a relatively low drying temperature. However, if the
drying temperature is too low, the hydrotalcite-like granular material will get easily
dissolved in water. Hence, a specific drying temperature is preferred to be 25°C or
higher and 125°C or lower, preferably 90°C or higher and 110°C or lower, or more
preferably 95°C or higher and 105°C or lower.

[0036] The drying may be performed in any manner. For example, an ordinary
drying furnace or the like may be used. Natural drying at a room temperature may also
be used. A higher humidity is preferred during the drying for the morphological stability
of the hydrotalcite-like granular material. For example, the amount of water vapor in the
drying furnace may be adjusted to near the amount of saturated water vapor (90% to
100% humidity).

[0037] The hydrotalcite-like substance dried in any such manner may be sifted, so
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that resulting separated chlorides, etc. may be removed. [0038] The
hydrotalcite-like granular material may be adjusted in grain size according
to its applications. In this case, in anticipation of its use in a column or the
like, the hydrotalcite-like granular materigl may preferably have a grain
size of 0.24 mm 5 or larger, more preferably 0.36 mm or larger, or still
more preferably 1 mm or larger and 2 mm or smaller. The grain size may
e adjuﬂ;ed in any manner, and may bi)adjusted by crushing the material

AhSSHARFRSP RS SRR SHInG RO HEGMERTs through a_ sieve that

desired sifting fineness, [0039] It is preferable that the .. . . .
Bt o RolEnE T DRt lbl® BIEEIARIS H Sadipsted n erain size
NEbRAAMBURL 25 ATLRALSOTRLIGHR Eé%re?ﬁﬁﬁ?ﬂf&%ﬁtiéﬁi%? {8 HUArPEoIRN or the

adsorption is at least 8 mg/g or more, preferably 8.5 mg/g or more, or

MereHy airnYcith 1ike0se ot MOt ikt ety ibis forabey iaferied dhadiRenf 0.24 mm
hydrotalcite-like granular material according to the present invention
adbogerantimpefeilibdycd.Bonssunhlagecasmilhmiorsspietdalolys] etm dhkrger and
hydrotalcite-like substance used as the base material 15 will provide a

Righe roamioallexchdhgezetfa cizmmie he e d iitpdein dsomaivieiofahdonae be adjusted
ions, etc. as its créstallite size is smaller. Hence, a hydrotalcite-like

Buisstshing Hhgimg rigtysitditehapanst 96 i drsadiRifibrgRteragpens through a

nm g{hsrﬂggler na eté]esqud as trtleeSS base material. Examples 20 [0040]
Examp?es osfafheshy rotalcre ke granular material and a method for

w@?éjctionﬁh%rv%?&%%edmgﬁ%hﬁ reRaRkATYROY Mi%m%&sl produced in this

explained below. However, the present invention s not limited to these

S4AMPI88v SINERKBE artaiciigdike QRpHAr MBRIRlHAREOI0INGAE 1h@s fluorine

examples are produced in almost the same manner as the method
esadibestiahdvat redusdaptecxphanatipreforadhysstichegantanadte partiasrarplieferably
not be provided. [0041] The amount of adsorbed fluorine ions is measured
' thaddlowimgomandantheirsit as100@amprgliemtidy tbaflwoeiry doltafiote-like granular
adjusted to have a fluorine concentration of 10 ' » .
material according to the present invention adsorb and immobilize cations such as
cadmium ions, lead ions, etc. The hydrotalcite-like substance used as the base material
will provide a higher anion exchange effect and hence a higher adsorption of fluorine ions,
etc. as its crystallite size is smaller. Hence, a hydrotalcite-like substance having a
crystallite size of 20 nm or smaller or preferably 10 nm or smaller may be used as the
base material.

Examples
[0040] Examples of the hydrotalcite-like granular material and a method for
production thereof according to the present invention will now be explained below.
However, the present invention is not limited to these examples. Since the
hydrotalcite-like granular materials according to the examples are produced in almost the
same manner as the method described above, redundant explanation for any such same
portion will not be provided.

[0041] The amount of adsorbed fluorine ions is measured in the following manner.

First, a 1000 ml quantity of fluorine solution adjusted to have a fluorine concentration of
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116 mg/l is prepared. Next, a IOg quantity of hydrotalcite-like granular
material produced according to each example is added to the solution,
and the mixture is stirred for one hour by a magnetic stirrer and filtered
through a filter. The hydrotalcite-like grawoular material used here has an
adjusted grain size of 2 to 4.75 mm. Anion 5 adsorption is let to occur
while the fluorine solution is adjusted to a temperature of 20C in a room

haying a constant temperature of 20C. Change of the concentration of the )
ﬁﬁ%ri‘ﬂg/ JRtRIARY Fleastlfdl itd 1Re WrEaEY aﬂfaB¥8¥Bﬁ£‘fﬁ‘égé[‘?agﬁ?BH g material

Ngdﬁceéﬁé_ggréﬂlagd% QAICPLBXaIﬁﬁA‘I}Ie(%SE 8%{%19 %E%"é‘%%ﬂft LnC Iér"lgc? ﬁ)esl%ecril?r" 1s stirred for
repared or this~absorptiometer, an e amount of anlions adso?ibe per

Ehotibe: ygrataigiisdike ey %aﬁmff\éa”ﬁlrﬁlgﬂ'%'ﬁﬁ?&.asﬁ% FNRYHicite-like

of adsorbed fluorine ions. [0042] Measurement of adsorption and
inmabiizadienf Gadmien ipas andderdid@nsrisncendueied indhe75 mm.  Anion
following manner. First, cadmium solutions that contain cadmium (Cd) at
a&edppiom ihigitc oncentrhtlothaddibepprivtilowicodustidaiionjemperature of 20°C
respectively and lead solutions that contain lead (Pb) at 885 ppm (high
tbAdentratiayNaridcrgstant epwerrW e oh dédhfratidi)agspet iljelgoarsntration of the
ﬁrepared in a quantity of 100 ml each. Next, powder hydrotalcite-like

HBERnR YE Rl R RsEr thid s b6 it iameserRH AT el (iR dyY Neyel-ASA-50
1 wt%, an wit%o j respective solutions. sults of addition ar )
ISI{?r(Ilg d lfgr cbﬁ{ TCA?BIy ar?(? { rf:@gﬂi{%?%fﬁ eCé%ﬁlg ﬁ%erpareﬁ for this

reagen S
one hourby a magneﬁc Stirrela throu

ﬁ%%?éﬂﬂ%tépdaﬂ@ ”El?é’i%lﬁff‘&iﬂﬂ %ffcﬁl‘i'i%ﬂg'gélg&%é’d‘dgle@aﬁ’ 008 e Wl dbtalcite-like

occur while cadmium solutions 20 and lead solutions are adjusted to a

lempeneiie @120 Calbudateeny hRvint Bt Ot bR R0 20C.

Change of the concentration of the cadmium solutions and lead solutions
iSm2hsuresvdithrthectis e O hdsoatkor pidneteo bl RiduchNoadiASA-56hs and lead
made by DR. LANGE) and reagents LCK308 and LCK306 specially
prespasecofutudiisl absthptiothetengomeadatiunt asd leatinions sedpeativalat contain
(see Table 2). Filtration residue 25 (hydrotalcite-like substance) is

preasued by xROP &MY BEW/DEY. foogs)FionerandhiéSpermesioityRncentration)
R e R o -
1.17 ppm (low concentration) respectively are prepared in a quantity of 100 ml 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
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eagsy 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 5 unstable and
hence easy to fragment makes it gradually less easy for water to flow over

time with a decreasing water permeabiljity. Accordin the presen L
Ehdbith ?ﬁ,‘fﬁéerféﬂgf}ﬁﬁ’gtHY8H§Er%rﬁ%L1H4§rcH}?8dE?Q§T?£‘W ef?e aydmtal“te‘hke
germleabilit evglua ion. Eli st gtgyliﬂd?ert q%viﬂg a height of 250 mm and a

ome

r
e e, L o Sy bbbt 2 B Besting tha e A

Ras-SRRHMOGR ObfamMMIANSIhALQ HEMATELNIGRIR IR &Qonlstant water

underlain by a mesh 40 having openings of a 0.36 mm diameter. A

e ALty ofvhydertalcitgdikeginauiies rpaigdial isfitedantmipeieyiingghologically

The hydrotalcite-like granular material used here has an adjusted grain

sirtabfe2atal hditkceneasNextragatert hakiergiagrateslhekdsdiffeyeiocevafet m dow over

poured into the cylinder bottom up for twelve hours and the quantity of

wateMibw idepsasing i ico primata NinterArserdapifiey theherasny grapodiment, the
ermeability measurements obtained here are shown in Table 1 in a_

HAWEonIAMEMARL AigerBried B pialst RRERRINES @ lvatiane, digst: a cylinder
ower ones. gs lo 044] Sample Material | A material ing a wate .
BB SR o B A e R Sl S win o
BMRAUISSIRE AR &J&@@'h@f’@@%ﬂﬂ BUETAQE 229 %%Eagf&ﬁ%%h is further

10 nm is naturally dried at a room temperature for one week.

tyaeataicEe-dike granulay mMalsE3hRRACEr D B RARRARIRA SAMPIEs quantity of
material 1, whose adsorption and water permeability change are shown in
Mabietdlcife04s] Sample Matesial 2iA Mkiériathauing dindier cohtemtydfotalcite-like
about 63% that contains a 25 hydrotalcite-like substance having a
grysuddiitergizeabfudedhheor bmaltendndteh gvaragee ofy2tadlite Bizewof 10Next, water
nm is dried in a drying furnace having a temperature of 50C for 24 hours.
h@h&}&@t&fétﬁé-hﬁ@é@ afefian proveed nteniBensxHndeidatioamypefor twelve

%gurs 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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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 averagg 25 crystallite size of 10 nm is
dried in a drying furnace having a temperature of 100C for 24 hours. A
hydrotalcite-like granular material produced in this manner is a sample

material 3, whose adsorption and water permeabijlity change are shown in
Paise .%dﬁﬁ‘?ﬁ%&ﬁ?ﬁ?é“ﬂﬂaﬁ‘é‘?i&i%%ﬂ?ﬂ%&?i[aﬂ%ﬁ & \Wate %%Hfé‘nf%%qe

63%§hat o} ag'ns cl 10 hydrotalcite-like substance having a
% : amgfe aterial 3 ; .
rystallite size nm or smaller and an average crystallite size of 10

nm is driedAn §,drying fUERAGE havingR IeRRETRtYE Ibd0E39L 2hat contains a

hours. The drying is conducted while the ventilator exit of the drying

Ryidraagdscclogeshianlacadom intesigraiithestryiog JorpRcerWdreR and an average
humidity condition of near 100%. A hydrotalcite-like granular material

prnodabecsizd it I anner dsiedsamdiey materisic4, haGngroseadsouptioh HHAC for 24
water permeability change are shown in Table 1. [0048] Sample Material 5
kromaterial hadintpleivalike corrananiapetebIvedhesdontding ananner is a sample
hydrotalcite-like substance having a crystallite size of 20 nm or smaller

BIFER! dvaragis AsRinR et PAmsaalier i aeadfin g RIaeel able 1.

&%‘ﬂ?ﬁ a tegé%%r@tﬁg%% QI%FSC for _24 20 hours. A hyc_irotalcne-llke granular
aterial produced in'this manner is a sample material 5, whose

adsorption andwater PermRALIlity chanae gre ghayn M@b'&% (984 contains

Sample Material 6 (Comparative Example) A powder rotalcite-like

BUdIANGR NAURAIR GHE AT sI Ze.Bf LB 1IN PFe IN2UER AN AMAYE'BHE an average
crystallite size of 10 nm is mixed with a binder and molded into a 25

ephailiial shapé .10 his is drsatriple dnaterifirbaseiosengdsermppontssb6won°C for 24
in Table 1. [0050] [Table 1] Sample Sample Sample Sample Sample
Bample Tateyialg ivietadat?dabeldahs MatdatiriNiaedibe Siyiaefiangce 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




10

15

13 natural Drying temperature (C) drying 50C 100C 100C 125C - (25C)

Ventilation - ventilated ventilated not ventilated -

116 116 116 116 116 F (Mg/1) adsorption Solution concentration 18.6
19.310.9 29.0 8.9 46.0 rate (%) Adsorgtion amount 9.7 9.7 10.5 8.7 10.7
7.0 m Water permeability low low middle high middle - [0051] [Table 2]
Amount of hydrotalcite-like substance Cadmium concentration (ppm) Lead

Initial concentration 116

¢oncentration (ppm) adﬂe%ﬁ%%) High Cow High Low conceniration
condentetionraoncentrationicoacentration @ (infldl concbtration)!2260 -
1-6-885-+-47-0-1—0-5—0-0420°%- 1880 0-02 288 0-0411 1620-0-02 675
0.06 2 4¥giss [0052] From Tabl"il*te| hyalstacite-liee grartigpiied -
materials @gﬁtﬁﬂﬂfé‘tﬁﬁ‘aterlals Lito 5) acgerding ta the present invention 116
%%ép al h g;aarom&%meidm §orpt|:)n an that %TP\[Q sample mater] %I 6 6.0
ﬁOﬂE&Q@ Ad t lLs \ape \Allfh a binder.l5 vvv3'| Eurther fr Fable
sorptiqn as . .
1, the hy @ﬂmt e-fike granuPa7r materidl’of the s@rﬁple méteérial 4, \Aﬂrﬂch s 70
dried wggggelq,gg,gggvely high ymidity \M];,houf vg:l{aq]@tlon slhggws themlddle -
oIIIdIIEbL blldllge I llle Wd.lUl P edUlllly dllu Ib IIEIILE IIIUI[JIIU Uglbd.lly
Kaplg. [Table 2]
Amount of hydrotalcite-like substance Cadmium concentration (ppm) Lead concentration (ppm)
?iﬂ,:; 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.

[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
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
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
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[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 aret 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

or . adsorption and immobiljzation of cadmium ions. On the other hand, .
e DBy A B O R A 0 et dac fons,

ey %%%i“‘iﬁ"'ﬁ%&?@f&&a %Ec'% sde%%%t%%’ tﬁgr@&%&%@ffﬁig't%‘s §nce after the
substance after the test for adsorption and immobilization of lead ions.
Ruthr, 1asgshlarde Produeion iidlesiieddming 18nbydrRidSesie. it can be
substance after the test for adsorption and immobilization of lead ions,
voRIBR CABKN kR daMhbamaeHndrs ahsesvedbintherhvdsairiedalikeubstance while
substance after the test for adsorption and immobilization of cadmium
tbagcaticoosdinglyritatatized asdesiddried dedtythedddib@i@ihseitd a catalytic effect
adsorbed by the hydrotalcite-like substance while 5 the lead ions are
irhrbsbliiztatals iealikensohelenepdrdiide (s Gl witH santbeytioddfeiopd that the
of the hydrotalcite-like substance. From these results, it can be |
Bridreratodltkat STRMHIErSIAIETRLIRECGFARSIalomEte ridicse-o Kty th@dsorbs  and
res n}'.invenglon ads&%rbs and .immobilié%a %ar}isogts such as cadmium

mmobl111Zes catio S mium 10n C.
lons, fead’ions, e c.lt %%f rom the aboVe reding St can be understood

EB@%%TG hy?‘%%ﬁ'cﬂﬁ%'oi#igoyjeo anlag materal ﬁ&%@%@i&&dtotﬁgﬁ BI&SUrotalcite-like

invention has morp gical stability and a high anion exchange
Herpanse N deas g Pioducest leat M &a8n18aChbipheldeifal stability and a
ydrotalcite-like granular material, wherein the hydrotalcite-like granular
higlienabwEgihaies frafoaiying ahd dnateriglodnat antdins addeast a
hydrotalcite-like substance and water at equal to or lower than a 5
temperature at which the hydrotalcite-like substance is dehydrated of
crystal water contained therein.
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2. A hydrotalcite-like granular material, wherein the hydrotalcite-like
granular material originates from drying of a material that contains at least
a hydrotalcite-like substance and that has a water content of 70% or 10
lower at equal to or lower than a temperggure at which the hydrotalcite-like
substance is dehydrated of crystal water contained therein. 3. A
hydrotalcite-like granular material, wherein the hydrotalcite-like granular
material, when prepared in a quantity of 10g, adsorbs fluorine ions (F) by
an amount of 8 mg/g or more, when fﬁe[ﬂy otalcite-like 15 granular
material of that quantity is,added to and stirred for 60 minutes in a fluorine
solutiTo'n of é gﬁaﬁ)t%r)i/cé% fﬂi‘fog%‘ ,uvtle rorg%t%%ﬁne ion (F-) concentration is

116 W@r@ﬁﬁdth\yhﬁm%ﬁ%&%g %%1%99‘ fhatthgl W@ﬁ%ﬁ&“ﬁa‘fﬁ%@ﬁﬂgl&% material

material according to claim 1 or 2, wherein the drying is performedat 90C

phhigheianst 1 o tawareiiQike Thisshydeataicitatbiketepnularonri®dathan a

according to claim 1 or 2, wherein the drying is performed under a
comebtinrthatveln dmlantdnotalidity ik OO %stendrighéehGdrhteel of crystal water
hydrotalcite-like granular material according to any one of claims 1 to 3,
oméraiedtHeigydirotalcite-like granular material has a water content of 10%
or higher. 25 7. The hydrotalcite-like granular material according to any
one gf clairﬁshidtfi)@,lcv%l/fﬁg}"&rgrﬂ@lmd%i%mﬁ{e-like granular material
contains a.chloride, 8. The hydrotalcite-like granular material according to .
oy SP R LA  Rr GR Pa ROrE OP e

{Hﬁt‘é&?ﬁaﬁ%ﬁi@§s{\£a®dl%téﬁ@ﬁebﬂﬁé%i?d9&%2!3?&%@%1?@ @ﬁgﬁhontem of 70% or

according to any one of claims 1 to 3, wherein t rotalcite-like

ReuRcmateddripRQAHESd fEapRnvdratalaitertike nsuRR AL IN&VINEstince is

crystallite size of 20 nm or smaller. 5 10. The hydrotalcite-like granular
tehielialedcdudingl te aayonaokdlaintsid. to 3, wherein the
hydrotalcite-like granular material adsorbs and immobilizes a cation.

3. A hydrotalcite-like granular material,

wherein the hydrotalcite-like granular material, when prepared in a quantity of 10g,
adsorbs fluorine ions (F") by an amount of 8 mg/g or more, when the hydrotalcite-like
granular material of that quantity is added to and stirred for 60 minutes in a fluorine
solution of a quantity of 1000 ml, whose fluorine ion (F") concentration is 116 mg/l and
which is adjusted to 20°C.

4. The hydrotalcite-like granular material according to claim 1 or 2,

wherein the drying is performed at 90°C or higher and 110°C or lower.

5. The hydrotalcite-like granular material according to claim 1 or 2,

wherein the drying is performed under a condition that an ambient humidity is 90%
or higher.

6. The hydrotalcite-like granular material according to any one of claims 1 to 3,

wherein the hydrotalcite-like granular material has a water content of 10% or higher.

7. The hydrotalcite-like granular material according to any one of claims 1 to 3,

wherein the hydrotalcite-like granular material contains a chloride.

8. The hydrotalcite-like granular material according to any one of claims 1 to 3,
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11. The hydrotalcite-like granular material according to any one of claims
1to 3, wherein the hydrotalcite-like granular material has a grain size of
0.24 mm or larger. 12. A method for production of a hydrotalcite-like
granular material, comprising 10 drying asmaterial that contains at least a
hydrotalcite-like substance and water at equal or lower than a
temperature at which the hydrotalcite-like substance is dehydrated of

crystal water contained therein. 13. A method fo productlo of a
hydrotARIEELIRE Ry Srase ifs ﬁé igaRBlnal ﬁﬂa{z“r%@“}fﬁ rial that

contajns at.7|l a%t hyq qta ite- Ilke ubst elandt at h S awaterf ? 1
to3
content of §r?/o fower at equ%ﬁ {0 oarr l%leFl an a ten er%?&r‘énaet"wﬁ ehms o

the hygliotalcite- ﬂ§8r§%§?§ﬁ%rl‘r‘1€e §r9§5!>é9‘ rakedaf ﬁr}5§$ﬁh¥\éﬁt?{o‘ﬁ‘i’ﬂtﬁ‘§ﬂ?&alclte like

therein. 14. The method for production of the hydrotalcite-like granular

soBielirk RsERAINGyorsliaienike of ABnMkereiatiee drying is performed
such that the hydrotalcite-like granular material 20 maintains a water

contdrit of Thechgdtigharedbke grennletadonlprodudtigntohtityeone of claims 1 to 3,
hydrotalcite-like granular material according to claim 12 or 13, wherein

the hyieseaicibe-likdratibetaride thanid asaatersd) adspybtaMind isipeobflzgsmeation.
or smaller, 25 16. The method for productlon of the hydrotalcite-like

grandibr mahsriard %&WH&‘&%%W&%WS dRerdinetRag iy &f claims 1 to 3,
perfor ed. attgglg:ygr hlgi;m;[ee d110

ereln rota e granular mater1a1 has a grain size of 0.24 mm or larger.

12. A method for production of a hydrotalcite-like granular material, comprising
drying a material that contains at least a hydrotalcite-like substance and water at equal or
lower than a temperature at which the hydrotalcite-like substance is dehydrated of crystal
water contained therein.

13. A method for production of a hydrotalcite-like granular material, comprising
drying a material that contains at least a hydrotalcite-like substance and that has a water
content of 70% or lower at equal to or lower than a temperature at which the
hydrotalcite-like substance is dehydrated of crystal water contained therein.

14.  The method for production of the hydrotalcite-like granular material
according to claim 12 or 13,

wherein the drying is performed such that the hydrotalcite-like granular material
maintains a water content of 10% or higher.

15.  The method for production of the hydrotalcite-like granular material
according to claim 12 or 13,

wherein the hydrotalcite-like substance that is used has a crystallite size of 20 nm or
smaller.

16.  The method for production of the hydrotalcite-like granular material
according to claim 12 or 13,

wherein the drying is performed at 90°C or higher and 110°C or lower.



