- 3 MAR 2004 1 SPECI FI CATI ON REGULAR- SHAPED PARTI CLES OF ACTI VATED CLAY,
METHOD OF PRODUCI NG THE SAME AND USE THEREOF Background Art 5 The present
invention relates to regul ar-shaped particles of activated clay, to MAR 2004
met hod of producing the sanme and to use thereof. More particularly, the
invention relates to regul ar-shaped clay particles of activated clay
conprising an acid-treated product of a dioctahedral 10 snectite having
macropores in the particles, having _excellent adsorbing property and
filtering property in conbination, and exhi biting excell ent decol ori zing
performance and catal ytic perf %FQ nmet hod of producing the sane

ormance, .t
and to use thereof. 15 It has 5%%%”%ﬁ5@ﬁ' ?%n1the old tines that

di oct ahedral snectiRecGl Y- SHAFER| FARXIUIES oFd2eMTiVAFEDPCDPELtY and
decol ori zi ng proper it gggﬁp nnesgl sphaKsral so been
called fuller's ear%%T%é é%gg%ﬂﬁﬁgﬁg%?%g |€ﬁ%%s al so Eeen known from

the old times to produce the so-called activated clay having increased
speci fic suphergratgasaby treating dioctahedral snectite clay minerals
wi th an agid. For_exanpl apanese. ] Rat | Lan ( Kokoku)
No. 335/1948 dingg egP%gﬁggré; ?§§”65¥g?%ﬁﬁﬁ%sné%a%?b€§?2d%§?§$aby kneadi ng
and nol di ng pactétcéesl af aetivated Iakaxl 4P ian Medhed Pt BTRI8F2BI0ENRr om

0.5 to 30 mmspgk hAdCEb! apsechérds PAUIdIE R ildulgralygy thentiavantion
Cherei n to abPLOSEE Hhorame hay: IADAHoat Bk Pore Rt bR aari 30
( Kokoku) No. comp80s1957adi scidseseatemttodiwit miodueingtghgAurdr acti vat ed
clay by agdi gesulitl hevaahinbOrésbis Ol dhd pardizned,t havdngt hen, drying
S ol o5 of enceThentlaagdrbohy WEG A" dd 1 g BrbBektdP shne
combination, and exhibiting excellent decolorizing
performance and catalytic performance, to a method of
producing the same and to use thereof.

15 It has been known from the old times that
dioctahedral smectite clay minerals exhibit adsorbing
property and decolorizing property. In Great Britain,
these minerals have also been called fuller’s earth or
bleaching earth.

20 It has also been known from the old times to produce
the so-called activated clay having increased specific
surface areas by treating dioctahedral smectite clay
minerals with an acid. For example, Japanese Examined
Patent Publication (Kokoku) No. 335/1948 discloses a

25 method of producing activated clay by kneading and molding
acidic clay or a similar clay in water into a size of from
0.5 to 30 mm not to collapse, introducing resulting clay
into an acid-resistant container, and heating and
circulating an inorganic acid therein to activate the

30 clay.

Japanese Examined Patent Publication (Kokoku) No.
2960/1957 discloses a method of producing granular
activated clay by adding sulfuric acid to acidic clay to
shape it and, then, drying until it can be milled,

35 followed by milling, sieving to trap the particles of



- 3 MAR 2004 2 predeterm ned sizes and activating the particles in a
customary manner. Japanese Exam ned Patent Publication (Kokoku) No.

11209/ 1970 discl oses a method of treating alunina silicate 5 clay td& MAR 2004
produce activated clay or fine powdery silica by treating alumna silicate
cl ay containing acid-soluble basic conponents with an acid, wherein the
alumna silicate clay is added an acidi c aqueous solution in an anount of
not | arger than the anmount of an acidic agqueous 10 solution with which clay
particles in a dispersion starts precipitating, the clay particles being
formed in the dispersion due to the addiZion of an acid, or an acid in an
amount of from1.0 to 1.5 equivalents with respect to the basic netal

conponent s t hled@nt@rh@nkl EEHBYesndt Her dvabisd cciet@iriomReneam s in the
clay are reacte%with the acid in the dispersion and, then, the reaction
product is (¥H&EdYr PFS'the di spersion solution, the particles of the
reacti on product #e@anesat Bdanhnand BeteotsPwellcqanian o Kgigksf) Akt- | ar ger

tAhan é; and t%ﬁ%miﬁontﬁﬁéblﬁggﬁog%é_ﬁha@ o ecpb kel Wldnian tdﬁfj'imaﬂhjct.
ccording to the conventional producti on_of activate y.. Dy

treat ment i (H3h KePdOWPHE FFg?ﬁ’ﬁg‘ﬁ% Cjc]%%d? )?i %%%gagéeiwc}a%)ﬁsstledl c1';suc as

adj usting t hematdneedoeineatidacatenpbant certainieg jsridiselulle. so that
25 the aci d- sp{dihl & BRenteNReesNLS hAilhewkéByifi figs adBumiea at | east

partly eluted to inprove decolqrizin £ for r t he
specific surfsdc]elcffrr%a.c Afor§ Fﬁgeésgg ggl%%f P%%%%u%%i@‘% (g?ulé%gsagjs a
refini ng agerdmdwrt @ifl acandafrges tkani the amaurbngt I 37 HHEF tFAYRUS
adsor bi ng; £0l Q51 R% JFRLHRES whdeR 83aghbarepbyés endatdiespékeiconseamned in

Fof i ned 1 at SRR 1AL Homer e CuaYt E2BPD P Porr Re L ARIS T e |
production. 3%5idpetdiercaneerio chel additianedfcpRyachdne9Erantfelid 1in
an amount of from 1.0 to 1.5 eguivalents with respect to
the basic metal componenté that are to be removed, the
15 basic metal components in the clay are reacted with the
acid in the dispersion and, then, the reaction product is
isolated from the dispersion solution, the particles of
the reaction product are treated in an aqueous medium at a
pH of not larger than 1, and the basic metal components
20 are picked up from the product.

According to the conventional production of activated
clay by the treatment with an acid, the treatment
conditions are adjusted such as adjusting the acid
concentration, temperature, treating time, etc. so that

25  the acid-soluble basic components in the clay minerals are
at least partly eluted to improve decolorizing performance
and to increase the specific surface area.

Among the uses of activated clay, the use as a
refining agent for oils and fats requires a strong

30 property for adsorbing coloring matters such as
chlorophyll and the like contained in fats or oils, as
well as good filtering property for separating the refined
fats and oils from the waste clay from the standpoint of

production.
35 In the conventional activated clay, however, the



- 3 MAR 2004 3 property for adsorbing coloring matters is not conpatible
with the filtering property, and no clay has yet been known satisfying
both of these properties to a sufficient degree. 5 That is, property; R&r 2004
adsorbing coloring matters is inproved as the particle dlaneter of the
activated clay becones nore fine. On the other hand, the filtering
property decreases to a conspicuous degree as the particle di anet er

beconmes fine. 10 Disclosure of the Invention The present inventors have
succeeded in producing regular-shaped particles of activated clay formng
macropores therein, preserving fine struéture of the dioctahedral snectite
clay mnerals, and having particle 15 dianeters controlled to lie within a

range in whi F:Bo{::@@i Eéfl@diéoﬁz)(icrﬁi | @todfiild (ﬂfaJt&@rlér @eehby aBfiphayBle
di scover ed articles

the activated r p
exhi bi t exceWFgHtgéas%?g£%51 ?cﬁﬁﬁ?ﬁfﬁ§ﬁdE?ﬁff@?Fiayp585e3F¥ Bﬁ ®Bonbi nat i on.
20 The obj ecknofmt hetpségeng bhontemi diiesehareieréiesstboa puddidéeatti vat ed
regul ar-shapgdgekay particles obtained by treating a dioctaheral smectite
wi th an acgid, haV| nacro ores in. the cles haV|ng
5 £Pint 45+

e
adsor bi ng” proper ﬂsflP $hy propet HjﬁbﬁﬁlﬁaﬁpgnmaE%SIES i
exhi bi ti ng exvekbeat decbh@rpzxt@pb@ﬂiﬁrmﬂnnéCéhGhecaFéuVPﬁgdpéﬂﬁﬁrnance

and a met hodpafoReQdpela9cihe. samk. theAQ%H@J H%at?icBCtth@f ftlll%e@riﬂ ent
i nvention is to provi od of eaS|I f|C|entI P % gethe
nEi o

acti vat ed r?ﬁﬁpﬁthhaBEHeﬁ?%§'B%rﬁl%ﬂQﬁP S7E §b85e
properties wdihoeteusbagomay pamei cul ar apparatus or means. Accordlng to

the presgpt pHILeALLARe LBEEBe af Bvef ) ded activated regul ar-shaped cl ay
particl es obTaine a edral snec%fte clgﬁgghnerals with an

35 acid, wherein thE %éﬁﬁ?ﬁ? %ﬁkﬁﬂﬁPEﬁu 4§ SIGERFESS VoY cing

regular-shaped particles of activated clay forming
macropores therein, preserving fine structure of the
dioctahedral smectite clay minerals, and having particle

15 diameters controlled to lie within a range in which they
exhibit excellent filtering property and have discovered
the fact that the activated regular-shaped clay particles
exhibit excellent adsorbing property and filtering
property in combination.

20 The object of the present invention, therefore, is to
provide activated regular-shaped clay particles obtained
by treating a dioctaheral smectite with an acid, having
macropores in the particles, having excellent adsorbing
property and filtering property in combination, and

25 exhibiting excellent decolorizing performance and
catalytic performance, and a method of producing the same.

Another object of the present invention is to provide
a method of easily and efficiently producing the activated
regular-shaped clay particles having the above-mentioned

30 properties without using any particular apparatus or
means.

According to the present invention, there are
provided activated regular-shaped clay particles obtained
by treating dioctahedral smectite clay minerals with an

35 acid, wherein the regular-shaped particles have a volume-



- 3 MAR 2004 4 based nedi an diameter (D50) of from 10 to 60 pmas found by
a laser diffraction nethod, have a porous volune of porous radii of 1000
to 70,000 angstroms of from0.63 to 1.00 cc/g as measured by a mer curMAR 2004
i ntrusion porosity 5 nmethod, and have a BET specific surface area of from
250 to 400 nR/g. It is desired that the activated regul ar-shaped cl ay
particles have a circularity (A) defined by the followwng formula (1), 10
A={f(RlL x R)}/RL --- (1) wherein Rl represents the radius of a
circunscribed circle along the contour of a particle of a scanning- type

el ectron m crophot ograph thereof, and R24 represents the radius of an
inscribeg circle thereof, 15 of from0.8 to 1.0. It is desired that the
activated re ar e aydrill |5
texture spec??gg& ﬁQ&P&Q &iﬁ% éi ¢ gngfggéﬁgrlq éé 6dﬁhﬁgﬁ?exture in the
scanni ng- typBYeﬂeéFﬁ%ﬁ @4%$kﬁﬁﬁﬁQﬁ) Ahelhede. aZGOFPUﬁsVHégmﬁeB that the
activated reggkatusshaped sf aypopagd i mm@\n@s&lﬁmfsf p&cifirom peak ab 28 = 19

25 1o 26 deatedd Eptei 17 ARG o e A9 dyepRobePBRER) 7 )"

25 Accor dibngmeshple En@sbﬁYe|®V%Eﬁ|ﬁﬁﬁckﬂ#9w§w acer eren opr §¥rded- 4 nethod-
of prodUC|ngtgcuomahgqgregular-shaped clay particles conprising the steps

of : adjusting the_patticle.si eof t c I nerals
to possess a vquE@ 533@%8%% ha%o lV%Q%%S%fguﬁg?_%h %98 %¥8g‘

found by a | Qﬁéﬂllcdlﬁfifha‘ém@rﬁmwltrﬁ X(Mg derd iaeidd byo s éOéulOWlng

aci d- deconpogbrful RO gaNi ¢ conmpound to the mlled product thereof;
granulating the mxture into regular-shaped p%;tlcles 35(h?V|ng a

vol ure- bdded nedi an di ameter (50) {6 Rar B2y 4%

wherein R, represents the radlus of a circumscribed

circle along the contour of a particle of a scanning-

type electron microphotograph thereof, and R;

represents the radius of an inscribed circle thereof,

15 of from 0.8 to 1.0.

It is desired that the activated regular-shaped clay
particles have a frill-like thin-piece texture specific to
montmorillonite and crater-like porous texture in the
scanning-type electron microphotograph thereof.

20 It is desired that the activated regular-shaped clay
particles have a diffraction peak at 26 = 19 to 20
degrees specific to montmorillonite and a diffraction peak
at 28 = 25 to 26 degrees specific to gypsum in the X-ray

diffraction {(Cu - K &).
25 According to the present invention, there is further

provided a method of producing activated regular-shaped
clay particles comprising the steps of:
adjusting the particle size of the dioctahedral
smectite clay minerals to possess a volume-based median
30 diameter (Dsp) of from 1 to 10 pym as found by a laser
diffraction method;
mixing an acid-soluble or acid-decomposing inorganic
compound to the milled product thereof;
granulating the mixture into regular-shaped particles
35 having a volume-based median diameter (Dsp) of from 10 to



- 3 MAR 2004 5 60 pmas found by a laser diffraction nmethod; and treating
the regul ar-shaped particles with an acid while maintaining the particle
shapes. According to the method of production of the 5 invention, i-t3 MAR 2004
desired that: 1. An acid-soluble or acid-deconposing inorganic conmpound is
mxed to the mlled product in an anmobunt of from1l to 15% by weight in
ternms of the dry product thereof; 10 2. the acid-deconposing inorganic
conmpound is a calcium carbonate; 3. The m xture is granul ated by
subjecting a slurry of the mxture to a spray-dry granul ation; and 4. The
regul ar particles are treated with an acgd by 15 being immersed in an
aqueous solution of a mneral acid nmaintained at 60 to 100 C. According to
the present ppvepti re is qf I rayi:ded LnLpg agent for fats
or oils, con%@i@?n%ggﬁghnggﬁ@éf%5%%%gﬁé§fggg¥éggeﬁggpgéﬁ éﬁ According to
the present invent¥emtinherhe ixequiphehargtopratdcaesaratsancasider
conpri sing tmile@qum@@mwokheacgmﬁrcq@_@nﬁpgssm EF DESCRI PTI %I OfF TEE
i g. shows_scanni ng-type t ron_m.crophqt Q@r S of the
structure of actigﬁf 5&+%%3F594¥%§%%:C%f5§ pﬁEFPFg gg g? ?ﬁg present
i nvent i on5( magvehttan oht ofs 1GHLred rdati:n both Figs. 1(A) and 1(B)); Fig.
2 shows scanni ng-type;e cisnibiE JoRRAGkRIPoshgt ABcghaHEEUr e of the
conventional activated C|%%(%O rtch%ﬁE%na%anl ations of %OQO %ines in
Fig. 2(A) ang®™BBB ¢ hes™ti" fﬂfagvﬁf?: g P28 6wd "a®8c aRRIMG- Py pe
el ectron ni cfopinol ogeaph® wf weigghitntier riarmst odcttinee doty ateHvated
regul ar-shapegegbgy; particles of the present invention (Fig. 3(A)) and a
35 Scannﬁag‘typ?.eLﬁgtégfdD&éﬁéﬁﬁ%ﬁfﬁﬁ*ﬂﬁ%f@énﬁgecb%k%E%%'is a calcium
carbonate;
3. The mixture is granulated by subjecting a slurry of
the mixture to a spray-dry granulation; and
4. The regular particles are treated with an acid by
15 being immersed in an agueous solution of a mineral acid
maintained at 60 to 100 "C.
According to the present invention, there is further

-]

provided a refining agent for fats or oils, comprising the
above-mentioned activated clay.

20 According to the present invention, there is further
provided a catalyst carrier comprising the above-mentioned
activated clay.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows scanning-type electron microphotographs

25 of the structure of activated regqular-shaped clay
particles of the present invention {(magnification of 1000
times in both Figs. 1(A) and 1(B));

Fig. 2 shows scanning-type electron microphotographs

of the structure of the conventional activated clay
30 particles (magnifications of 1000 times in Fig. 2(A)} and
300 times in Fig. 2(B)});

Fig. 3 shows a scanning-type electron microphotograph
of the internal structure of activated regular-shaped clay
particles of the present invention (Fig. 3(A)) and a

35 scanning-type electron microphotograph of the internal



- 3 MAR 2004 6 structure of the conventional activated clay (Fig. 3(B))
(magni fication of 1000 tines in both Figs. 3(A) and 3(B)); Fig. 4 shows a
curve of particle size distribution of 5 the activated regular-shapéhMﬂiﬂB4
particles of the present invention; Fig. 5 shows a curve of fine pore
distribution of the activated regul ar-shaped clay particles of the present
i nvention; 10 Fig. 6 is an X-ray diffraction i mage of the activated

regul ar-shaped clay particles of the present invention; Fig. 7 is an X-ray
diffraction i mage of the dioctahedral snmectite clay mnerals used as a
starting material; 15 Fig. 8 is an X-ray diffraction i nage of the
activated regular-shaped clay particles of the, present invention that

have been treated with n eth | ene cygﬁ_ nd Fi z is a.sectional view
of a decol or PxFHG EEELBF. © O?Y?“é% 3 ﬁ%}lv§tﬁgpF 8¥ntFife fol | owi ng
parts. 20 A3(Bh$tmagg$ﬂic£tléhrnﬁnﬂGDO Riilnlessy ifobotbnBinsng3aayotod D
Rubber tube Ei E?nperature nmeter 25 F. dass stirrer rod G Testing tube
H Gl bath {rrer for the oil bath J: Electric heater 30 Best Mbde
for Carrying out ¥he- | hveheyD e THE o9ty #Red icdgurares RABEd1BPEIOBaPEi cl es

conprise scl ayeobtaipadedyrégerirthadicaricakgdpalrtsoeti b€ ehayprasaatal s
with an aC|d and have a feature in that the particles have a regular

shape with a pyeae%erh1ned 35 particle diameter containing nmacropores and
have acti vated Fig. 5 shows a curve of fine pore distribution of the

activated regular-shaped clay particles of the present
invention;

10 Fig. 6 is an X-ray diffraction image of the activated
regular-shaped clay particles of the present invention;

Fig. 7 is an X-ray diffraction image of the
dioctahedral smectite clay minerals used as a starting
material;

15 Fig. B is an X-ray diffraction image of the activated
reqular-shaped clay particles of the present invention
that have been treated with an ethylene glycol; and

Fig. 9 is a sectional view of a decolorizing tester.
"A" to "J" in Fig. 9 represent the following parts.

20 Master gear

Pinion

Pulley for combining a motor

Rubber tube

Temperature meter

25 Glass stirrer rod

Testing tube

0il bath

: Stirrer for the oil bath

Electric heater

30 Best Mode for Carrving Out the Invention

The activated regular-shaped clay particles comprise
clay obtained by treating dioctahedral smectite clay
minerals with an acid, and have a feature in that the
particles have a regular shape with a predetermined

35 particle diameter containing macropores and have activated

A« s T o B e B o T o=




- 3 MAR 2004 7 surfaces necessary for adsorbing coloring matters or the

| i ke. The acconpanying Figs. 1(A) and 1(B) are scanning- type el ectron

m cr ophot ogr aphs showi ng the structures of 5 the activated clay -3 %g4
regul ar-shaped particles of the present invention, and Figs. 2(A) amfw& 9
are scanning-type electron m crophotographs of the activated clay that has
her et of ore been used as a refining agent for fats and oils. 10 Conpari son
of the above photographs indicates that the conventional activated clay
particles have irregular- shaped particle structures whereas the activated
regul ar- shaped clay particles of the prasent invention have a spherical
structure or a regular particle structure close 15 to the spherical shape,

and that the.aptlyal stedSOlAf cahapad,ehay pRibEthESnal Lhe %f;@ﬂéi on have

a particle Size uti1omm over a range-which is”considera nar r ower
than that ofltke-conventional activated clay particles. 20 Oning to this

reﬁyLar partirle gmérgéiﬁmpaﬁj%?gayxgguauﬁﬂ)ckaﬂ QQquEtéss@énhmﬂgLngention
exhibit exc n pdity. |1 eashly M_Ng an.be very
favorably haﬁ%?%dé%écgr%%]Xé?%oéﬁiygqfaggsas ngb qFBgrgg F%gggﬁgagf

di stributbontbe agbipared ot lkawineam lar-hapgct ibpataglpeégafakhehppesdettay

particles of j AhenPi&sENind WRIY | oN ased QnBt)hfaréolsuaﬁnaﬁg-wF@d by a I aser
diffraction The act.ivat e

t hod. d _.re r-shaped ¢l ay parti s, 0of the
nvent i o haSL8C ChEi B HTRINE a(%%}g %5‘6 PECEREER! § 8y SPaFi D8Py wi de
30 range of hevetdfore BEepmzad adpa teddnanigy agensnfed fetasangm The
activated clgyiparticles having dianeters lying wthin the above-nenti oned

nomagenchlis and SESTRATUIH cohiHlR UL EHE SRarerre TRAELE°t SRS tr eat od.
the conventiocnal activated clay particles have irregular-
shaped particle structures whereas the activated regular-
shaped clay particles of the present invention have a
spherical structure or a regular particle structure close

15 to the spherical shape, and that the activated regular-
shaped clay particles of the invention have a particle
size distribution over a range which is considerably
narrower than that of the conventional activated clay
particles.

20 Owing to this regular particle structure, the
activated clay particles of the invention exhibit
excellent fluidity like an easily flowing powder, and can
be very favorably handled as a powder.

Fig. 4 is a diagram illustrating a distribution of

25 particle sizes of the activated reqular-shaped clay
particles of the present invention based on the volume as
found by a laser diffraction method. The activated
reqular-shaped clay particles of the invention has a
median diameter ({Dsg) that lies within a relatively wide

30 range of from 10 to 60 pm and, particularly, from 10 to 45
pm.

The activated clay particles having diameters lying
within the above-mentioned range, exhibit very excellent
filtering property and can be brought into homogeneous and

35 wuniform contact with the material that is to be treated.



- 3 MAR 7004 8 Fig. 5 shows a curve of fine pore distribution of the
activated regul ar-shaped clay particles of the present invention, and
wherein the abscissa represents logarithmc values of radii of pore 3 MAR 2004
(angstrons), and the ordinate 5 represents a change in the pore vol une
(cc/g)/a change in the logarithmc value of radius of pore (angstrons),
i.e., represents a differentiated value. FromFig. 5, it is obvious that
the activated clay particles of the invention have a | arge peak of porous
10 volune in a region of large porous radius and, particularly, in a region
of porous radius of from 15000 to 500008A. The activated clay particles of
the present invention have a porous volune (PV) of porous radii of 1000 to

_15t 70,000 angst r opbg oIs fgdmélaﬁf%dx?_el 30 f(iﬁ{elgpéﬁe nﬁ%@fﬁgu@yon o AL RAITY
i ntrusion po 0 ni.f estj ng _grea i ncreased nmacropores as
conpar ed tg %ﬁﬁiﬁ%}%ﬁsg%gﬁ%ﬁﬁ}ﬁﬁsged ggagh8a53¥9éﬁ?iBﬁaﬁhﬁcPF%ﬁ? Y clay

particl es of 10VEBtreng. and wWhensaln dhed ablsatisdaereprehestsntogasedhmic

macropores, vafuébeofctiyat & PJoe Ragsehems9f LAG LA¥EHLyPRLLffuse at
an |ncrea§ed rate into active adsorption site terjal to, be

of the
treated, AcchBRIFREL? ArrlidNg%eadde ea@?&PpFPiHm?aiEcéﬁg?ang?Bg?oh“anDunt.
When t he porbhis Voyametiin\) vaslwmelil emdibhanofhpora5s(ahgueromsy j obhee. f ange,

the adsor pti pgpf-atenadds ther rAdSANRIGN vaRRUNt tend to decrease conpared to
when the porous volune Iies wthin the above-nentioned,range. Despite of

g
their increased paFeTd+ didmettert SafPVicner ER8EdthacrEpdYRESdt Fk2Bct i vat ed
clay particlpsrbiciée o3(tlpy dsemntimrehizvenahdeega BEdkspecpbrousurface

area of §50m@5hnt 03400 ALt 1RAGY HULBLLY rabiam 308, L0 400 M2/ g,

which is in no ma% inferlor to that o e conventl ona activated clay
particles. WABAtLHElapkEi (it B HSHOE &feROTFSUSNBRAFENSt RANTEAR 530%Bove

range, the atleobpo0®nA anount tends to becone snaller
The activated clay particles of the present invention
have a porous volume (PV) of porous radii of 1000 to
15 70,000 angstroms of from 0.63 to 1.00 cc/g as measured by
a mercury intrusion porosity method, manifesting greatly
increased macropores as comparéd to the porous volume (PV)
of the conventional activated clay particles of 0.55 cc/g.
It is believed that due to this increased macropores,
20 the activated clay particles of the invention diffuse at
an increased rate into active adsorption sites of the
material to be treated, accounting or an increased
adsorption rate and adsorption amount.
When the porous volume (PV) is smaller than the
25 above-mentioned range, the adsorption rate and the
adsorption amount tend to decrease compared to when the
porous volume lies within the above-mentioned range.
Despite of their increased particle diameter and
increased macropores, the activated clay particles of the
30 present invention have a BET specific surface area of from
250 to 400 m?2/g and, particularly, from 300 to 400 mZ/g,
which is in no way inferior to that of the conventional
activated clay particles.
When the specific surface area is smaller than the
35 above range, the adsorption amount tends to become smaller



- 3 MAR 2004 9 than that of when the specific surface area lies within the
above- nenti oned range. Wen the specific surface area exceeds the
above-mentioned range, on the other hand, the affinity to the materd MAR 2094
be adsorbed decreases and, 5 hence, the adsorptlon anount tends to
decrease. It was pointed out already that the activated regular-shaped
clay particles of the present invention have a special particle structure
or a regular particle structure close to the spherical shape. Besides, the
10 activated regul ar-shaped clay particles of the invention have a
circularity (A) defined by the follomﬁnggfornula (1), A= [(Rl x RR)/R1
--- (1) wherein Rl represents the radius of a circunscribed 15 circle

al ong t he cotihanrtiodt sopavtdrcitheofspcdddnnisngfatyparebetiednwithin

m cr ophot ogr 1939 res f L nscribed
circle there€$Q £$@§§Q&ab Eﬁ?f- and %ﬂ%ﬁt%ggléggbﬂ§%8 ngégé £f€§

The C|rcuIar@%?ee@%othﬁsﬁhﬂ%ﬁﬁﬂ%ﬁﬁ@ﬂﬂ&@eéaﬂgeb @nzbhﬁlPFE?Fnbaﬁﬁop%¥%y and
t he handl i ngapfitiey ponwdgie nedtridiheocbecdbdabkpetisdabvtbesst had, t he above

range, the fLALE! g RIARSHIY dechetsss atathe baudet becores less easy

to be handle scannin tron mcrophotograph 25
showi ng fine strukk @S cﬂo%rrf@da&qtv@tlé(?apé'gﬁbéfv §hapeativpa§dparticl es

accor di ng tOré@@law£§%ﬁﬁedrnmﬁylpyrtﬂcyés,ofshﬂwnpgeaeﬂerynVQﬁeieﬁtlng _
| nt er nal S”H&%%;&é{ é&”%f Opaﬁtsl%%_nmsq:g: c¥%.ecee'o?%r %gg% %?Q?&Rgi@ph It s

obvi ous t hat articles of nventi on have 30
a frill-likesthpgtpreceloss st eths@p&ﬂhﬁféclaé snéﬁ?mrﬁﬁﬁéﬁeﬁe Bhe

Cratlelr-l Lke @@}59%&?@& I REGN B — shﬂfin’\:;d iRy trrmr:lllelsoatt ehbagnaeftiogt ure of
hi n- pi oce tB3YGr 85 RS, 3y 4 %ﬁl.es oot RgRiphe b it lr e of
the nontrmoriflbnite
= ¥ (R1 % Ry)/Ry - (1)
wherein R; represents the radius of a circumscribed
15 circle along the contour of a particle of a scanning-

type electron microphotograph thereof, and R;

represents the radius of an inscribed circle thereof,
of from 0.8 to 1.0 and, particularly, from 0.85 to 1.0.

The circularity, too, is closely related to the

20 filtering property and the handling of the powder. When
the circularly is smaller than the above range, the
filtering property decreases or the powder becomes less
easy to be handled.

Fig. 3(A) is a scanning-type electron microphotograph

25 showing fine structure of the activated reqular-shaped
clay particles according to the present invention, i.e.,
showing a very interesting internal structure. From the
scanning-type electron microphotograph, it is obvious that
the activated clay particles of the present invention have

30 a frill-like thin-piece texture specific to
montmorillonite and crater-like porous structure.

That is, montmorillonite has a structure of a
collection of a large number of frill-like thin-piece
textures (curved thin-piece textures). It is an

35 astonishing fact that the structure of the montmorillonite



- 3 MAR 2004 10 is substantially remaining in the activated clay particles
of the present invention. In the conventional activated clay particles as
shown in Fig. 3(B), the frill-like thin-piece texture is 5 extinguLgpﬁﬁﬁan
due to mlling. This texture, however, is renmaining in the activate

regul ar-shaped clay particles of the present invention to effectively act
for adsorbing coloring matter and the like. Further, the crater-Ilike
porous texture is formed in 10 the particles serving as passages for the
material to be treated and contributing _to increasing the rate of
diffusion into the adsorption sites. Fig:- 6 is an X-ray diffraction inmage
of the activated regqular-shaped clay particles according to the present 15
i nvention. The Sbstyamkidklactieominimge ifChhe hchivptedeslay hpdrtheles

particles exé‘fbtﬁezzapéé%{i?‘cfd\%htﬁ%%k at 20 = 19 to 20 degrees specific to

nmontnorillonite an fraction _peak at 20= 25 to 26, degrees specific to
gypsum The funct¥ontls Eﬁﬂﬁﬂﬂﬁ%ﬂqql BEtdBaERIpEYAY aPRF EIAISD F2ISHOYH to
t he net hod oinprbguci oy, tHAecddilig ltiket heiprpsent taveateobs the activated

regul ar- Sﬁapsgtfﬁaygfm#gﬁi > & GiRnaduced-hiLongheLhe, RbgEFCOf 5@l usting

the particCle size snectite clay. mnerals, pr oduct
t her eof pret FEREEULIRG t %ﬂ?zﬂﬁQ}VQEedaIEBB&BEFSPHEP@OFI?Ye%féﬁl%}?% an
al kali  (hereEnghé epreésmt simpint ieal ted esfartinglgl ays) foo possesinga

vol une- based n_di neter (P3 qf;krom1 to 10 pmas found by a laser
diffraction nQF% gn §%1é$n anQ%Eid'soluble or aci d- decon£35|n$ | norgani c
X nt

conpound to the n??¥%kﬁ¥w(ﬁﬁRﬂCHQﬁﬁﬁﬂ%ikengﬁﬁPﬁtFﬁétPﬁ% He xfaree
regul ar part thkepahoid gs sbﬁmﬂngnasb@mﬁdaqedlanrdtaaemetetfsn)tofbéron110

to 60 pm as, b fi reating the
requl ar partl%ggwd Yod CARE IR ATRERIMG R FaclrEating
diffusion into the adsorption sites.

Fig. 6.is an X-ray diffraction image of the activated
regular-shaped clay particles according to the present

15 invention. The X-ray diffraction image (Cu - K @) proves
that the particles exhibit a diffraction peak at 28 = 19
to 20 degrees specific to montmorillonite and a
diffraction peak at 28= 25 to 26 degrees specific to
gypsum. The function of gypsum will be described later in
20 relation to the method of production.

According to the present invention, the activated
regular-shaped clay particles are produced through the
steps of:

adjusting the particle size of the dioctahedral

25 smectite clay minerals, a product thereof pretreated with
an acid, or a product thereof treated with an alkali
(hereinafter also simply called starting clays) to possess
a volume-based median diameter (Dsp) of from 1 to 10 pm as
found by a laser diffraction method;

30 mixing an acid-soluble or acid-decomposing inorganic
compound to the milled product thereof;

granulating the mixture into regular particles having
a volume-based median diameter (Dso) of from 10 to 60 pm
as found by a laser diffraction method; and

35 treating the regular particles with an acid while



- 3 MAR 2004 11 mmintaining the particle shapes. According to -the nethod
of the present invention, the step of adjusting the particle size pghhg% 4
starting clays, the step of m xing the acid-sol uble or acid-deconposi @
i norgani ¢ conpound, and the step of granulating the mxture, are carried
out prior to the step of treatnent wth the acid. First, the step of
adjusting the particle sizes of the starting clays is essential and

i ndi spensabl e for 10 producing activated clay having | arge nmacropore vol une
and large specific surface area. Wen the particle size of the starting
clays is larger than the above range, tHéd porous volune and the specific
surface area tend to decrease, and property for adsorbing coloring matter
tend 15 to heifesieasethd gartieidecnhepse.t he particle size of the
starting clays tp be smaller .than t ahove.ra ) ex s of
burden is requireé??%ﬁé%ﬁ?IH?me%u§?§E§Pt?%g%g agggsﬁﬂggﬁxségtﬁg?’dggérable
fromthe stastepionf adjesvrumthaBasirdésle2giseepinthei Ajarsingt cHe%srabl e
fromthe stapgdpoitpofs piongey ties LRfidkeihbnal by aetbvatesmpbaynglt is

al so inportant to mx the acid-soluhle or acid- deconposing, prganic
conpound Po tHBRTGFATH %?%Q“Hﬂf'useinégt{h&grtteipnﬁgcEgﬁguﬁgrlnn?hiéggtandpoi nt of
i ncreasi ng thexRéremcaoporasrigfd thd gatiiorated tbeagteppoh bffapgePhe aci d-
sol ubl e or agjdndecOnRosd ng inorganic conpound into the grains of the

Gecomposed w th dhEEFH SIS THE (g WG Pe JPaPRE CAPaCt PEAEBA R t h an
acid, 30 enabhéngtascimporlsys oihessemiddl eponigdampeashhdet ReTmi xt ure of
fjhe grai pgsi éﬁodaéiwt&‘@tﬁ&ﬂ%a rtgltag) &?ésf_iﬁa@d ﬁ.ta'%geaﬁlifdrégbhi@ eoﬂ)ﬁz;é_(liaﬁdd
ar U1 Cle. Of ahBTBF. PR Erg Tl 898 collhll He PAESANaY Shapetand grai n
di anet er of the starting clays is larger than the above range, the

porous volume and the specific surface area tend to

decrease, and property for adsorbing coloring matter tend

15 +to be decreased, too.

To decrease the particle size of the starting clays
to be smaller than the above range, however, an excess ot
burden is required for milling the starting clays, which
is not desirable from the standpoint of economy. Besides,

20 over-milling is not desirable from the standpoint of
properties of the finally activated clay.

It is also important to mix the acid-soluble or acid-
decomposing organic compound to the grain size-adjusted
starting clays from the standpoint of increasing the

25 macropores of the activated clay. Upon mixing the acid-
soluble or acid-decomposing inorganic compound into the
grains of the starting clays, it is believed that the
inorganic compound is eluted or decomposed with an acid at
the time when the grains are treated with an acid,

30 enabling macropores to be formed.

Upon granulating the mixture of the grain size-
adjusted starting clays and the acid-soluble or acid-
decomposing inorganic compound into grains having the
above-mentioned particle diameter, it is allowed to

35 control the granular shape and grain diameter of the



- 3 MAR 2004 12 finally activated clay particles to lie within the above-
nmenti oned ranges, naking it possible to inprove the filtering property and
enabling the particles to come into honbgeneous contact wi th the rmatieMARa1004
to be treated. 5 In the present invention, the granules of the thus forned
m xture are treated with an acid under a condition where the structure of
the regular particles is naintained. Due to the treatnent with an acid,

the starting clays are activated, the acid-soluble or acid 10 deconposi ng

i norgani ¢ conpound elutes or is deconposed wth the acid, and it is
allowed to obtain activated regular cldy particles having nmacropores
formed in the particles, having excellent adsorbing property and

filtering propeatyy lib@mélﬁtdl% p%&éh@&@lsbu_bl m9e151@K£ﬁ| tgat el ori zi ng
per formance and cata ytlceﬁgerf rmanc%1 % Ei g é 3£ | s] The

di oct ahedr al "SRELYTE SRkiA%edt B08F P48y 68t FBTPREWHPRh basi ¢ | ayer
units are | ahi hbeethg rprdRer0 aid esrbdingf theapastiches basi comaysntani t

being a thre§0m$@¥§§o§§réEHﬂﬁé%'dlﬂM“ﬂ%@ aatBl0g10¢ebabedrabatayer is
sandmncheg by two tetrahedral |ayers oct hedral | ayer
h

i s i somorphously ¥%pﬁ§%éﬁF%ﬁﬁqﬁe%ﬂ”%ﬂﬁlonanﬁﬁélgFﬁ“Pﬁﬁss?gntP%t TRMedr al

layers is i sboonphouskius ampliacededy wAth Annngldhenﬂayeascgm@ltm¢%t|ng

(r:rgt aled Eat I Orgﬁeté'h%hé %gﬁ@%%%ejw&%erte hlbhepbﬁﬁkggéae%]@ﬁ rlt c charge f
us is us iffraction i mage o

t he star%/l ng™® H’g‘%r‘%gedpl#‘iﬁ ‘i%g}ﬂ& &%&tfﬂgﬁ% Vlﬁgt F‘ng“éﬁd €of Fig. g6

30 Figs. 6 amtavtingichays tdra adte vatgd,i fgechays- a@éﬁbi@r0¥héc1%vent|on

and the agtiyat8fpst Yg PIAskEat d RPN cexREBI blalgl aaéoﬁpiaéé@ctlon peak

at an index &1%% of a éane pr.ovi n lh resen 0 g%3|g hree-1| ayer
structure in EP%y%c E;%§1 F%tﬁgt ﬁﬁg Bagl 35T %r ee- | ayer
structure isreguhani obay rpahel des etvdoae magropores formed in the
particles, having excellent adsorbing property and
filtering property in combination, and exhibiting
15 excellent decolorizing performance and catalytic
performance.
[Starting Clay Minerals]
The dioctahedral smectite has a laminated-layer
structure in which basic layer units are laminated in the
20 direction of c-axis, the basic layer unit being a three-
layer structure in which an AlOg octahedral layer is
sandwiched by two $i0, tetrahedral layers, Al in the AlGg
octahedral layer is isomorphously replaced by Fe or Mg,
and Si in the SiO4 tetrahedral layers is isomorphously
25 replaced by Al. Among the layers are existing metal
cations in a form to compensate for the lack of electric
charge caused by isomorphous replacement.
Fig. 7 is an X~ray diffraction image of the starting
clays used for the production of activated clay of Fig. 6.
30 Figs. 6 and 7 indicate that the starting clays used for
the invention and the activated clay produced therefrom
exhibit a clear diffraction peak at an index (1l1) of a
plane, proving the presence of a basic three-layer
structure in the clays as well as the fact that the basic
35 three-layer structure is remaining in the activated clay,



- 3 MAR 2004 13 too. In the X-ray diffraction of crystals, it has been
known that an intensity peak appears in the interference when the
followng Bragg's formula (2) is satisfied, 5 n X = 2d11 sin 8 --- £3)MAR 2004
where n is a degree, Ais a wavelength of X-ray, dhkl is a spacing of
(hkl) of a crystal, and 8 is an angle of diffraction. The base pl ane
reflection peak (001) of a clay 10 mneral is right-and-left symetrical,
but the reflection of (hkl) exhibits a peak |acking symmetry to a .
conspi cuous degree. This is because, though the |ayers are overlapped in
parallel, the positions of the |ayers ang irregular relative to one

anot her. Such an asymmetric peak is 15 called two-di nensional reflection,
and the ind él) does not assune a particular value. Therefore, the index
is denoted by (hk). The indexﬁ_{%ll) of plane referred toin this

speci fication st aftsHeoX-tiys dAEAEPAGLORT 8f FRES 82 bhdpbt MaDfPeeMssi fyi ng
the cl ayl Im ng{ca&rs,thaaﬁlafd1q&b@@ﬁ&5}egéalc appehtteig! ye mmesof orémed Hzle
nontnorillonite el ite,. n r.oni_t 0 nsko tnorillonite
i ncl udes so-wc}éefr? etaiea(c:iieo ilé)wén %%%88 Be% gﬁﬁ%é k?f ?és( éc%)%g‘slf er%’d t hat the

di octahedsal snectite is 25 morned2és:tdim v8l cani-e-agB)or lava is

met anor phosed beipg,,-aff eqt ed Lyy.50a vat 8L . 5 Desedi gk el ow.isyan cﬁf&?@' e
of a chenmical co OaSIStIOI’I of are ?se_tatége g%}g\rtén §I ay mneral. 30 35
Si 2 64. 4% by weitht® SRESHINE 3%@9 wBi gftt CTEES®S’ 3249 By “Weight  MyO 6. 5%
by wei ght CaO 0.®%is afeidjiftfraction.
The base plane reflection peak (001) of a clay
10 mineral is right-and-left symmetrical, but the reflection
of (hkl) exhibits a peak lacking symmetry to a conspicuous
degree. This is because, though the layers are overlapped
in parallel, the positions of the layers are irregular
relative to one another. Such an asymmetric peak is
15 called two-dimensional reflection, and the index (1) does
not assume a particular value. Therefore, the index is
denoted by (hk). The index (11) of plane referred to in
this specification stands for this meaning.
From the standpoint of classifying the clay minerals,
20 the dioctahedral smectite clay minerals include
montmorillonite, beidellite, nontrenite and volkonskoite.
Montmorillonite includes so-called acidic clay and
bentonite.
It is considered that the dioctahedral smectite is
25 formed as the volcanic ash or lava is metamorphosed being
affected by sea water.
Described below is an example of a chemical
composition of a representative starting clay mineral.

5i0, 64.4% by weight
30 Al,05 16.3% by weight
Fe,0;3 3.3% by weight
MgO 6.5% by weight
cao 0.9% by weight
K50 0.5% by weight
35 Na,0 1.4% by weight



K20 0.5% by weight Na20 1.4% by weight - 3 MAR 2004 14 ignition loss 6. 7%
by wei ght The di octahedral snectite clay mneral used as a starting
material may often. contain inpurities such as stone sand, iron, ob'a?l M@TZ,HUL
gquartz, etc. To renmpve such 5 inmpurities, a refining process is carried

out, such as stone sand separation, floatation, nmagnetic separation or

the like. Prior to adjusting the particle size that wll be described

| ater, iron may be renoved by the treatment with 10 an acid to a slight
degree or the inpurities such as opal CT may be converted into a sol uble
silicic acid through the treatnment withdan alkali to a slight degree. The
thus pretreated starting clay can be used for the nethod of the present

i nvention. 15 [Step for }Hﬁhbgglggg Parjf%‘%ys%éﬁghkn t he present
invention, the starting clay 1's_ adjusted for r1ts ggrticle si zes so that

the vol ume- based T GF@ngfetdr SrESoYtenelabrMiresas rgfed 2% A0 pm and,
particul arl ystéreoind rnacdriph amymedsenedohyaan| spur?Oi«s fducictann net hod.

The particl e.pode Lol Do Adl YR B Subbeet] ngeLhe gl pahdhedsadn sect 1t e
clay mineral fo the hydrauli’c “elutri‘ation, air elutriation or to any ot her
cl assi fi cati HAPWHEF T ot IR ILIGUBrOEESHgLPt CRBIiRE 25 ni $Y§h@Dperati on.
In order to gpbedceaidafdiaiinGy featusing, t hagnstae t sagachaion iar
general , thetggr$i§ég_sizes are adjusted by the dry milling or wet
mlling. The m|TTng is executed by using a finely pulverizing mll such
as ball 30 nill,Prime % 1ad brstting ftirepartirdegehdealhyt deslt kPt o adj ust
the particl eqsk@eibdy Vele) |iddig nidie bst aekhbiegdchaytha theatmsmt obien
aqueous ;51 uLLy hayi ng £ SOl dil GRIRAY- CRUCTALLAELR0s OLulf O Sopf

CT may be converted into a soluble silicic acid through

the treatment with an alkali to a slight degree. The thus

pretreated starting clay can be used for the method of the

present invention.

15 [Step for Adjusting the Particle Size]

In the present invention, the starting clay is
adjusted for its particle sizes so that the volume-based
median diameter (Dgp;) thereof lies from 1 teo 10 pm and,
particularly, from 1 to 5 um as measured by a laser

20 diffraction method.

The particle size can be adjusted by subjecting the
dioctahedral smectite clay mineral to the hydraulic
elutriation, air elutriation or to any other
classification operation, or by subjecting it to the

25 milling operation. '

In order to enhance the efficiency for using the
starting clay, 'in general, the particle sizes are adjusted
by the dry milling or wet milling. The milling is
executed by using a finely pulverizing mill such as ball

30 mill, tube mill or the like.

It is generally desired to adjust the particle size
by wet-milling the starting clay in the form of an agueous
slurry having a solid component concentration of from 5 to
25% by weight.

35 The milling may be executed in a single stage or in



25% by weight. 35 The mlIling may be executed in a single stage or in - 3
MAR 2004 15 nmany stages. A classification operation may be executed .in
conbination after the mlling operation or during the mlling operéﬁﬂ@ﬁ1m4
[Mxing Step] 5 In the present invention, an acid-soluble or acid-
deconposi ng i norganic conpound is mxed into the starting mneral of which
the particle size is adjusted. As the acid-soluble or acid-deconposing

i norgani ¢ conpound, there can be used al kaline earth nmetals such as 10
cal ci um and nmagnesi um oxi des such as of zinc or alum num hydroxides,
carbonat es, bicarbonates, and those netdlss such as alumnum iron or the
like that are soluble in acid or that deconpose in acid. Wen, for

exanpl e, cal gLy carponat o i Jsag 20008, LacLheTbnansor Bonkeeagidagas is

gener ated due ectonposition with acid ntributing to increasin

MBCr opor es iﬁnt%%m%k??E%ﬂ%xfﬁﬂ%ﬁhthﬁhéﬁl&&P@iBﬁ?EﬁFbBﬂg?ﬁ ?Erhg%dt%%gthe
aci d- deconpasibigngosgetaidiora further advantage is obtained in 20 addition
to the above ﬁ?%fﬂ%agﬁb ﬂhat i's, when the starting clay granul es containing
calciun1carb5nate s treated with acid, carbonic acid S is generated

a

and, at Phe sanelPikRe RFFEIR i éﬁpéﬁﬁpéﬁP%ng?nofh@ 1fkacr opor es
of the activatedmpegitharistagmd o laynppantd dsesmiBdandtaotks sbaptiregnt
contraction w e Y EﬁﬂHy --S dicl . kcl es are dried
after t hey a%gﬁgf%ga?ggﬁ%&fiegﬁ% aC|dghﬁéggggs}%cgpgﬁgﬁ%gérbonate S

insol ubl e i n wat ePsahle 2@kt kBN @SIHCRECRPREAPE LROFHARMFEr m of
particles, JdBmpbhaf| ngheare athranicagssddall kahd nei xbutd abthhe stahtasg cl ay

a1, 361 9 ASEOURORMASAEQIDEHE SRS LERPL] oY el o) KhAnbi, 1S
hydroxides, carbonates, bicarbonates, and those metals
such as aluminum, iron or the like that are soluble in
acid or that decompose in acid.
When, for example, calcium carbonate is used among
15 them, a carbonic acid gas is generated due to
decomposition with acid contributing to increasing
macropores in the activated clay.
when calcium carbonate is used as the acid-
decomposing compound, a further advantage is obtained in
20 addition to the above advantage. That is, when the
starting clay granules containing calcium carbonate is
treated with acid, carbonic acid gas is generated and, at
the same time, gypsum is formed. Gypsum exists in the
macropores of the activated regular-shaped clay particles
25 and works to prevent contraction when the activated
regular-shaped clay particles are dried after they are
treated with the acid.
Besides, calcium carbonate is insoluble in water and
can be contained in the mixture in the form of particles,
30 offering an advantage that the mixture of the starting
clay and the acid-decomposing compound can be prepared by
wet-mixing.
It is, thus, particularly recommended to use calcium
carbonate from the standpoint of producing activated
35 regular-shaped clay particles containing macropores in a



carbonate fromthe standpoi nt of producing activated 35 regul ar-shaped cl ay
particles containing macropores in a - 3 MAR 2004 16 stable form It is
desired that the acid-soluble or acid- deconposing inorganic conpound MRSI0H
particle dianmeter (D50) of, generally, fromO0.1 to 5 pmand, particularly,
5from0.1to 2 pmfromthe standpoint of producing regular particles
cont ai ni ng macropores. The anmpbunt of the acid-sol uble or acid-deconposing

i norgani ¢ conpound to be m xed varies depending upon its kind, but is,
generally, from1l to 15% by weight and, 10 particularly, from3 to 6% by
weight in terns of the dry product of time starting material. Wen this
anount is snaller than the above range, the size of the macropores fails
to increase tp.g éuf%hﬁjent degree. Wien this anount exceeds the above
range, on the ot%er hand, the 15 particles |lose the strength. The mxing is
conducted in a nBhneF 48Rirechehato thee ardAogehebls| 9r nkged-t oget her

usi ng, gener@étympds i rivird01i 3@ on@o8@dmhalt 8Spart G aaul ahihdige St ep]

According to,th r-es ' ntipn, the thus. obtai ned 20.m xture is so
gr anul at ed agﬁTﬁ ggfnggéﬁgggiypa$¥?%lgsl'ﬂ% _ﬁ@lénvglﬁﬁgl §5485Hdi an
di amet er P D5DYOBf O} ob® 10 Mo 180N heasdangaeincubir byodeebnyg 10egelads pm as

found by a b@ﬁgicgégfé@m%éiﬁﬁﬁgmﬂgaio bhege i1s no particular limtation on
t he granul ation ﬁg%neans so:é)r as Lgfsgﬁaggles hangg t he above- nenti oned

particle sizes are ObvaTHEY.C q?F?&&l i PePAbPGLI-AGGRTRPS 1R %er e can
be enpl oyed aneeghnic oforprayd droy begmamedaviamgeandagesdusgshpenyioé t he
egul A Bar L e en aro BbL AL ned A g Spher] ol %2“25?2?@"*“*‘%&98 cllose
o the sEherPEEF SRUBELY et b *ha B, PLEPREdt BnbbBro L B bEPETHEt od to
lie within theocdboyveot nghe i etk irgngeterial. When this amount is
smaller than the above range, the size of the macropores
fails to increase to a sufficient degree. When this
amount exceeds the above range, on the other hand, the
15 particles lose the strength. The mixing is conducted in a
manner that the two are homogeneously mixed together
using, generally, a stirrer for 30 to 60 minutes.
[Granulating Step]
According to the present invention, the thus obtained
20 mixture is so granulated as to form regular particles
having a volume-based median diameter {(Ds3) of from 10 to
60 pm and, particularly, from 10 to 45 pm as found by a
laser diffraction method.
There is no particular limitation on the granulation
25 means so far as the granules having the above-mentioned
particle sizes are obtained. Particularly preferably,
however, there can be employed a method of spray-dry
granulating an aqueous slurry of the mixture. The spray-
dry granulation method offers such an advantage that
30 regular particles are obtained having a spherical shape or
a shape close to the spherical shape, enabling the
particle diameter to be adjusted to lie within the above-
mentioned range.
The spray-dry granulation is generally conducted by

35 wusing an aqueous slurry having a solid component



The spray-dry granulation is generally conducted by 35 using an aqueous

slurry having a solid conmponent - 3 MAR 2004 17 concentration of from3 to

10% by wei ght, atom zing and spraying the aqueous slurry into a dryc? MAR 2004
\

at nosphere through two-fluid nozzles to effect the granulation and drying.
The tenperature of the dry atnosphere is suitably from5 about 80 to about

500 C, and the water content in the forned particles is suitably not

| arger than 15% by weight. [Treatnment with an Acid] The treatnment with an

acid is conducted in a state 10 where the granul ated regular particles are
maintaining their particle shape. The tyreatnent with the acid is conducted
by filling a treatment vessel with the granules of the above m xture and

et di'c aquece CP e bIEI \Hera a8 LhSchIniRERAF . aEFobl Sk B8 sul fur o
aci d, hydroctihorytng adhel asjuadcs |silkergcidtand, dpar dtnusphhdéye sutdughc aci d
at a concenﬁw@lfgml@fn&alt@abl% ferf%vc%b@me %Qamla@aﬁ Srd0 ByyiNel ght . The
{peat et Lepperalyre, 8y seleeted om.e 2o fange of fromed' o 100, ¢ and
satisfy §healadnovestrem i ae: r5d§ui'Cementls the wekati content hin wltei vat ed

clay. In gengsahed IherdiCaidmBd MWitthptienaei dakgec0ndunt £€y @5 preferably,
by throw ng ‘?ranéjl es into an aqueous solution containing a mneral acid
a

mai nt ai ned ‘rrperature of from60 to 100 C and, preferably, from 70
to 95 C froniTréetmemndpdimtaroficisiint ai ni ng t he properties of the

activated regul arm@aﬂe&e&ﬁé}% RAFL %Inegcae hgec%aﬁweéolﬁam@@a@@emfled
by the piﬁs ‘?r;:% | nveigtl The eg)t her qguor ; he treatnment with the
aci d ai WSt AT TS LT
and the |i kethé'hnerpa’lm:e;let tehapst.her |iquor

The treatment with the acid is conducted by filling a
treatment vessel with the granules of the above mixture
and bringing them into contact with an acidic aqueous

15 solution. As the acidic agueous solution, there can be
used mineral acids such as sulfuric acid, hydrochloric
acid or the like acid and, particularly, sulfuric acid at
a concentration of suitably from about 20 to about 35% by
weight. The treatment temperature is selected from a

20 range of from 60 to 100 °C and the treating time is
selected from a range of 3 to 20 hours so as to satisfy
the above-mentioned requirements in relation to the
activated clay.

in general, the treatment with the acid is conducted,

25 preferably, by throwing granules into an agueous solution
containing a mineral acid maintained at a temperature of
from 60 to 100 °C and, preferably, from 70 to 95 °C from
the standpoint of maintaining the properties of the
activated regular-shaped clay particles to lie within

30 ranges specified by the present invention.

The mother liquor after the treatment with the acid
contains basic components such as alumina, magnesium,
calcium, iron and the like. Therefore, the mother liguor
is used as an inorganic liquid coagulating agent or as a

35 starting material for gypsum.



I's used as an inorganic liquid coagul ating agent or as a 35 starting
material for gypsum - 3 MAR 2004 18 The acid-treated product after __tjﬂﬁAR 2004
not her liquor is recovered is washed with water, is dried and is, if
necessary, classified to obtain the activated regul ar- shaped cl ay
particles as a finished product. In the 5 present invention, it is desired
that the water-soluble salts contained in the acid-treated product are
removed such that the ampunt of the acid radicals of the acid that is
used is not |larger than 3% by weight and, particularly, not larger than 1%
by weight. This is because, the water 1@8soluble salts contained in the
acid-treated product adversely affect the quality of the product despite

their amunts arghe/efdicshBldatelingrobhiatngdrasi ghéreatiesh progust can, if
necessary, be QFH?d Qr, flrgﬁi gpgg conducting.the,dr %n oggélrlng, 15 it
i s consi der eFTRET The T ORI HtE8n"8F Ene' &i Tahot %‘3, u%%’ reases on the
surface of thrcemtidwat adasisdyfiedr sat phaansthacavurevated wswdlartittlie in

water. It isshalasd rechyt Balrtika e@r ¥sng @hinfibhéAgpisde@nduciedgeneral |y at
from80 to 500 C q?%?Ppartlcularl C20 for fram0O.5 to 10
u

f.rom 1Q0, 1t o, 300
hour s and; ﬁ%ﬁ%?%? )ﬁnqﬁgﬂﬁ 6F7¥Fod§51588r§%afﬁ&??V%ﬁ%ﬁFT@%ﬁH E!-Shaped
G ay Particlesslemdatisiinedseln thkeaadt-vaceted epubducshapedreriawedarticl es
of the invenidpnvedeabiies ag daschi-hadrahove s 25r Deseradbed Aalow is a

Compos i on 13 ST s WRRF HAFEESd “DREr dRobBnG6F B e, 9 BY gt AL203
10. 4% by weimghtt 1®80ydie2E2r? 1490y waegbht ML 2. 586 bycawsght th&a 5% by
vei ght  {@nidd Al O BB MeeBNtin the acid-treated product
adversely affect the quality of the product despite their
amounts are very small.
The obtained acid-treated product can, if necessary,
be dried or fired. Upon conducting the drying or firing,
15 it is considered that the concentration of the silanol
groups decreases on the surface of the activated clay
creating a structure that swells little in water. It is
desired that the drying or firing is conducted generally
at from 80 to 500 °C and, particularly, from 100 to 300 °C
20 for from 0.5 to 10 hours and, particularly, from 0.7 to 5
hours.
[Activated Regular-Shaped Clay Particles and their Use]
The activated regular-shaped clay particles of the
invention have features as described above.
25 Described below is a representative chemical
composition of the activated clay, though the composition
is in no way limited thereto only.

$i0, 76.6% by weight
Al;03 10.4% by weight
30 Fe,y0; 2.4% by weight
MgO 2.5% by weight
CaQ 0.5% by weight
ignition loss 6.5% by weight

The activated clay of the invention exhibits an X-ray
35 diffraction peak of spacing at 17 to 19 angstroms as



The activated clay of the invention exhibits an X-ray 35 diffraction peak
of spacing at 17 to 19 angstrons as - 3 MAR 2004 19 neasured in a state of
being treated with an ethylene glycol. Fig. 8 is an X-ray diffract+drMAR 2004
i mage of the activated clay of the present invention as neasured in a
state of being 5 treated with the ethylene glycol. The treatnment with the
ethylene glycol is to bring the spacing of base plane reflection of an

i ndex of a plane (001) to lie within a predetermned range. It will be
obvious that the activated clay of the present invention is not basically
10 losing the | ayer structure of the di détahedral snectite clay mnerals.
As a further property, the activated clay of the present I nvention has a

cation exchanggscAPRCLA Ya Aedull: 32148 P2oHRALI0: e dfif186L 1 vated clay

of the invent]on |s effective as a refinling agent ?or fats and oils or for
m neral oil s9&¥ePL- particularly, as a decolorizing agent or a deacidifying
agent for faFsgor8ois sarorxfmay rniﬂfférraletdbhsimﬁgémﬁrtbélacti)vebeediecfianpd may

be at |east gpe.pf Q@satifrttm;fe@ttao%r aQ tnéas@?éﬁak.nfé‘té‘:ggguﬁflﬁel

mneral oils. Fats or .0l which are startin teria ul tously
exi st in ?hetﬁ%?ﬁ$%twtﬁﬁI?P%WEEQY%%QFSQ&H801pIaﬂP% t%ﬁﬂt%%ﬁberEh Egea chi ef
conponent, eethylemef@lytqom‘isadjcd barchgglheespaciag ekehpsefpesndy such

plant ofl's Oberiale;ss salfl lkfedide sgmga (fbhy £8PEL01 4 rREh Ol

pal m ker nel ower oi cott conut rice bran
oi |, sesame BF? eE%ﬁ?%ﬁeananﬁq nsé@dwﬁl oPPVéOBFIth?EnB ®il, tsubaki
oiI, peanut att;vka@@kcbay aBGjmoqa@smmt 1mapan1max;ssuutlbaatcallyand corn

il, f i i)
o1 gt CLEPL R OnErs A S e BT, b SURALEL) BRpBLiep oY
butterm | k f&LayYHBrBRIIF, pig fat

As a further property, the activated clay of the
present invention has a cation exchange capacity of from
30 to 55 meg/100 g.

15 The activated clay of the invention is effective as a
refining agent for fats and oils or for mineral oils and,
particularly, as a decolorizing agent or a deacidifying
agent for fats or oils or for mineral oils.

Fats or oils to be refined may be at least one of

20 plant fats or oils, animal fats and oils, and mineral
oils.

Fats or oils which are starting materials
ubiquitously exist in the natural world of animals and
plants, and comprise, as a chief component, ester of fatty

25 acid and glycerin, as exemplified by such plant oils or
fats as safflower oil, soybean oil, rape oil, palm o0il,
palm kernel oil, safflower 0il, cotton seed o0il, coconut
oil, rice bran oil, cesame oil, castor oil, linseed oil,
olive oil, tung oil, tsubaki oil, peanut oil, kapok oil,

30 cocoa oil, Japan wax, sunflower oil and corn cil, £ish
oils such as sardine oil, herring oil, cuttlefish oil,
saury oil, and animal oils or fats such as liver oil,
whale oil, beef fat, buttermilk fat, horse oil, pig fat
and sheep fat, which may be used alone or in combination.

35 As the mineral oil, there can be exemplified a



and sheep fat, which may be used al one or in conbination. 35 As the mneral
oil, there can be exenplified a - 3 MAR 2004 20 variety of lubricating oils

such as spindle oil, refrigerator oil, dynano oil, turbine oil, nmachMAR2004
oil, lubricant for marine internal conbustion engines for ships,

| ubricant for gasoline engines, lubricant for 5 diesel engines, cylinder
oil, marine engine oil, gear oil, «cutting oil, insulating oil, automatic
transm ssion oil, conpressor oil, hydraulic operation oil, rolling oil and

the like oils. In conducting the refining, the activated clay is 10 added
inits powdery state, as a decolorizingzgent or a refining agent, to fats
or oils or mneral oils that are to be decolored or refined, and are

honogeneousl y sii{} € aget ‘) .t1ha | qr.i ng: o] ts and inpurities
contained in ?ie%#%{gko% o;‘gﬁ%f“f%’ﬁ%e%#?ﬁegglQgﬁﬁgﬂ§r§§¥5 adsor bed by the
clay particl88ErIHRT 3T Vitled REGICaCIdhafEdPePgy oot - t RBChr@RePt L/ i nvent i on
exgl?ItSheXCmeEﬂéa@EoﬂﬁfhwaﬁiﬂeEﬂhﬂﬁﬁﬁaﬂgcoﬁbh@tﬁﬁg gnbires and i npurities
an urt her | bit f] r:ing .pr tyq] Lbg them from
the 20 refin§§9¢£tsf%§§¥§%%£(ﬁgﬁsg%ﬁﬁiin%segggﬁgﬁér%ngiﬁgggﬁébgeco[ored
under kndwndéeaell t eumkNe ForceXafsiTe Old - dBESILORI 2PAGNEr OLdF i ARAY Odbent s
?dfled '3 a_nl@H’@tlﬂlﬁgOéillptiﬂ]ﬁjmﬁgidﬁ@115‘Vta|&yiom\éleﬁghl:r‘é/htsiﬂié§$@ﬁc<bi1p t he
ats and oi ral.-oi ' c osi.Lhons_a stirred at

50 10 250 C FOTPESST 3%1% n@delgautlgl%g8#%?3:%%%%%&!5%%????néf%n%lh(?efi ni ng
treatment. ThBemdliker@ibfter the decolorizing or refining treatment is

?PFF'ied to any refueedwresstinthorrdieMaigedthd0apresated tlhyeis such as
filtor, 85 aaofBuLis LhEpolefl Redeily ALH pEPBLERkTha"BallP EEHOT o
and the usedeftedngragenly dgerftater Yefdidisngragénerapi ehlesthat are
to be decolored or refined, and are homogeneously stirred
together, so that coloring components and impurities
contained in the fats or oils or in the mineral oils are
15 adsorbed by the clay particles.

The activated regular-shaped clay of the present
invention exhibits excellent property for adsorbing
coloring matters and impurities and further exhibits
excellent filtering property in separating them from the

20 refined fats or oils.

Fats or oils or mineral oils are decolored under
xnown conditions. For example, a decolorizing or refining
agent is added in an amount of not larger than 5% by
weight with respect to the fats and oils or mineral oils,

25 and the two compositions are stirred at 50 to 250 °Cc for 5
to 30 minutes to complete the decolorizing and refining
treatment.

The mixture after the decolorizing or refining
treatment is supplied to any reduced-pressure or elevated-

30 pressure filter, such as filter press, belt filter, olva
filter, American filter or centrifugal filter, so as to be
separated into refined fats or oils or mineral oils and
the used decolorizing agent or refining agent which is the
so-called waste clay. The decolorizing agent of the

35 invention makes it possible to decrease the amount of the



so-call ed waste clay. The decol orizing agent of the 35 invention nakes it
possi ble to decrease the anmount of the - 3 MAR 2004 21 waste cl ay. Tbg 2004
activated regul ar-shaped clay particles of the present invention can ggm
further used as a catalyst or a catalyst carrier. 5 That is, the activated
regul ar-shaped clay particles exhibit the activity as a solid acid yet
havi ng macropores, and diffuse at an increased rate into the active
sites, exhibit a higher activity than the conventional activated clay, and
can be used as a catal yst 10 for dehydration, deconposition, polynerization
and isonerization. The activated regul&#-shaped clay particles can be
further used as a catalyst carrier to carry wdely known catalytic netal
conponent s swadtascl@dy. Zr, V, C, Mo, W 15 Mi, Co, Ni, Pd, Pt and Cu so as

to be used as a Oﬁﬁéﬂéﬁ%ivaﬂééA¥BE§§aEX§HQg?§g@ia§P§%£§%§¥%§FHEV%ﬂé now be

descri bed. Measurenents were taken accor to W ng nethods. 20
(1) Measur erBrtSHt B e ParticPE dPEFBeEr Usqhed 802y BT i/ & di anet er

(medi an di aneterlygimcamasmeasured by using a | aser diffraction-type

particle gsize a Ie ( rSi: ) e : - BET
specific %urfac_engl#%%.eisz%%N%tagﬁr%égﬁftﬁ%gggﬁ?ggc%h%?%]E%; %#ﬂnle%% by
usi ng  Sor ptPhRtFEt S5 SSHYIGYn@SufaPiiedabid CBRY hE¥HE Co.  (3) Porous
vol ume. The e omsoned Urendivald ffeasunedahasadreonséderaes cliityo il rusi on

porosity methad; by dSing /é%h%qrtea9%§gha£09%§§§}}t§0%mn Mg omel liti cs Co.
(4) Scanning-type el ectron m crophotograph .~ The scanni ng-type
el ectron ni cFIHI oI Afd< iEEREN CLBY  uEPAGC AN SRR #IY- 2§ P Cé?%ﬁf%h

m croscope sf&d7Odehydration, decomposition, polymerization and
" isomerization.

The activated regular-shaped clay particles can be
further used as a catalyst carrier to carry widely known
catalytic metal components such as Ti, Zr, V, Cr, Mo, W,

15 Mn, Co, Ni, Pd, Pt and Cu so as to be used as a catalyst.
EXAMPLES

Examples of the invention will now be described.
Measurements were taken according to the following
methods.

20 (1) Measurement of average particle diameter.

The average particle diameter (median diameter: upm)
was measured by using a laser diffraction-type particle
size analyzer (Mastersizer S) produced by Malbarn Co.

(2) BET specific surface area.

25 Measured in compliance with the BET method by using
Sorptomatic Series 1900 manufactured by Carlo Erba Co.
{3) Porous volume.

The porous volume was measured based on the mercury
intrusion porosity method by using Autopore 9220 produced

30 by Micromellitics Co.
(4) Scanning-type electron microphotograph (SEM).

The scanning-type electron microphotograph was taken
by using a scanning-type electron microscope 5-570
manufactured by Hitachi, Ltd.

35 (5) Circularity.



manuf actured by Hitachi, Ltd. 35 (5) Grcularity. - 3 MAR 2004 22 A typi cal
particle was selected froma photograph obtained by using the

scanni ng-type el ectron mcroscope (5-570 manufactured by Hitachi, L@&Mﬁlm4
and the circularity was found fromthe followng formula (1), 5 A = {f(RL x
R2)}/RL --- (1) wherein Rl represents the radius of a circunscribed

circle along the contour of a particle of a scanning- type electron

m cr ophot ograph thereof, and R2 represents the radius of an inscribed
circle thereof. 10 (6) X-ray diffraction. Measured for Cu-l1Co under the
foll owing conditions by using a Geiger-4 ex RAD 1B system manuf actured by
Ri ga}Cu Denki Co. Target Cu 15 Filter NI Tube voltage 35 kV Tube current
15; gAB Scan?i ng speegﬂpﬂ?fjjeg;basﬁmcm W,BisC@éS.]fe@Iﬂedl f$em aopﬁbtbﬁaisﬁ&) 1I degI
RS 0.3 mm X3 ' [ o) sanple treated with.et ene glycol.
The sanmpl e d(rz%{églé?éilﬁ% 'éﬁcf)é %o%%agnﬁ&?ﬁygfegﬁﬁgqr% an“amsunt<of 1.0 g
and to whi ch{fa87adaegubagiugtd byl (vhtapdist BHdene ghnfictheagqiEBudasdiyti on
usi ng a whol gapi pethe. rdbe Mt WSS Hdgrhredawgllly ,with a stirrer rod and
dried at_60 C for 12 hours._The product was smashed in_an agate

mortar, and the obtained povlet Wad sRtled Flor its X-rafldiffraction
under the follow vigetehdi Ri giepre3@n3s Yhegeadus FfE| eeplippumscribed

circle along the contour of a particle of a scanning-
type electron microphotograph thereof, and R;
represents the radius of an inscribed circle thereof.
10 (6} ¥X-ray diffraction.
Measured for Cu-k & under the following conditions
by using a Geiger-Flex RAD-1B system manufactured by
Rigaku Denki Co.

Target Cu
15 Filter Ni
Tube voltage 35 kv
Tube current 15 ma
Scanning speed 2 deg/min
Time constant 1 sec
20 5lit DS(SS) 1 deg RS 0.3 mm

(7) X-ray diffraction of a sample treated with ethylene
glycol.
The sample dried at 110 °C for 2 hours was picked up
in an amount of 1.0 g and to which was added 5 ml of a 10%
25 ethylene glycol agueous solution using a whole pipette.
The mixture was stirred well with a stirrer rod and dried
at 60 °C for 12 hours. The dry product was smashed in an
agate mortar, and the obtained powder was measured for its
X~ray diffraction under the following conditions.

30 Target Cu
Filter Ni
Tube voltage 40 kv
Tube current 20 mA
Scanning speed 1 deg/min

35 Time constant 2 sec




Tube voltage 40 kV Tube current 20 mA Scanning speed 1 deg/mn Tine :
constant 2 sec -3 MAR 2004 23 Slit DS(SS) 1/2 deg RS 0.3 mm (8) Aert#mEMﬂ 04
solid acid. Measured in conpliance with the n-butylam ne neasuring 0(9
[reference |iterature: "CATALYST", Vol. 5 11, No. 6, pp. 210-216, 1969).
(9) Packing density. Measured based on the iron cylinder method in
conpliance with JIS K 6220. (10) Chem cal Conposition. 10 Ignition | oss
(lg-1oss), silicon dioxide (Si®), alum num oxide (A1203), iron oxide
(Fe2®), calciumoxide (CaO and rragne? um oxi de (MgO were anal yzed in
conpliance with JI'S M 8855. Na20 and K2 Iere nmeasured based on the atomic
absorption nethod. The standard 15 sanple to be neasured was obtai ned by
drying 1 g of the sanpleShit110 C for 3 homSqSS()11y2PHegArRpHOVAl @ of a 5%

suspensi on nMeasUpRduhp S8R apce ;M th JIS K 5101.26. 20 (12) Decolori zing
testing net Egﬁand l(i,lhl or pl,ﬁjf?eﬂresjj due concentration. A decolorizing
s

tester shown in F'§aser SEIR ranges Stiithly tige oS ELARABR of the

adsor bi ng agentsfioingdeethod | Ziefprdrare dettaidasnreef ecamaeysiooyl dobe made to
25 Chem sgrqulpngndg;?t{,y_421@_22516r( 193b)y.. The decolorizing tester permts
ei ght hard-gl gzs Iag?e gsti ng tubes content of 200 m) to be set in an
oil bath. A (dérfagatBd €€751%f  rod having a rounded | ower end is

i ntroduced into eMehstesd bake] @andhd s.dooweyldndersmeohd38 adj usted by a

{ybber Erﬁbe éérﬁFﬁ?iE%@ Lhcgopiagt gdtoh the bottomof the test tube at all
| TES. € ek?ﬂ) 8 é&ggél Composition.

10 Igniticn loss (Ig-loss), silicon dioxide (5i0D;),
aluminum oxide (Al,03), iron oxide (Fe;0i1), calcium oxide
(Ca0) and magnesium oxide (MgO) were analyzed in
compliance with JIS M 8855. Na;0 and K;0 were measured
based on the atomic absorption method. The standard

15 sample to be measured was obtained by drying 1 g of the
sample at 110 °C for 3 hours.

(11) pH.

A pH value of a 5% suspension measured in compliance
with JIS K 5101.26.

20 (12) Decolorizing testing method and chlorophyll residue
concentration.

A decolorizing tester shown in Fig. 9 was used for
testing the performance of the adsorbing agent for
decolorizing. For details, reference should be made to

25 Chemistry and Industry 4, 125, (1951). The decolorizing
tester permits eight hard-glass large testing tubes
(content of 200 ml) to be set in an oil bath. A
corrugated stirrer rod having a rounded lower end is
introduced into each test tube, and its lower end is so

30 adjusted by a rubber tube as to come in contact with the
bottom of the test tube at all times. The eight stirrer
rods are rotated by pinions divided from a central master
gear and are, hence, rotated quite at an equal speed.
Stirrer vanes are attached to the lower part of the

35 central master gear to stirrer the oil bath to maintain



rods are rotated by pinions divided froma central master gear and are,
hence, rotated quite at an equal speed. Stirrer vanes are attached t%i%“?

| ower part of the 35 central nmaster gear to stirrer the oil bath to~ 2004
maintain - 3 MAR 2004 24 the tenperature uniformin the oil bath. The
decolorizing tester is capable of testing any nunber of sanples up to a
maxi mum of ei ght sanples. The rape oil after deacidified is put in an
anount of 5 50 g into each of the test tubes, and the sanpl e adsorbing
agent is added in anount of 0.5 g (1%nMijlrespect to the oil) to each of
them and is mxed well with the stirrer®” rods for decolorizing testing.
The test tubes are set to the decolorizing tester maintained at 110 C
stirred for the2temparzsare twkisivutin rtdm ohid deddl-or Thendetedveiziaad the

m xture slurekgsepfisheapiblanse thes@dsphiynaurdent orakampibseigdeboa0bt ain
t he decol orized.qils, Dqgolori iqg Testing) Wiite |ight-beamtransm ssion
0f exght s Z%ﬁ]

factors (reI% Fve € transm ssion factor of the distilled

water as 100% ofheheapecelbrifiayr cldasivdifdededsupet By api agount of
phot oel ectrigspcgl prideé &R Modeale Ao siBiHaCt Wnad thy sHhpaBBaBskanKggkyuj o
Co., and the thu% neasgégg val ues _@@ﬁ; uzfd 23 d%p$g0[|2|ng agl|l | és of
t he adsor bi n§98Btag@nfLdeTHE? | Y He Vral Fed 16F YAFENERFREFENTPatPGr s,
the | arger théldetol eathiof i, tandfis d xeds meBilngithgehesstGnkor ophyl |
Egsi d:Je Oonceaaéakbwaea@ﬁoﬁmpflrgnmat/ahﬂirfpgqgc%rg; %%isQn%uFB_st B%ed%?' gbi zed
2bsor pt i on SPREt PECOLa8) 2 ErY LERT T TR Snethe fadddl oY BYIEEFBeaR o | i
put in ahfand0nmioht&8, gakem cowt 1D Heealeeoloréatiod aes898rC wnth
Sstirring on ane3fieatkngl§yPedBINalHE Sl Tl +3RdadkbeBing dqehtt he
sanpl e adsorbi 00,.a9e0L. {1020 9L Ve UddBioiled $534ded thereto
(Decolorizing Testing)
~ White light-beam transmission factors (relative
15 values with the transmission factor of the distilled water
as 100%) of the decolorized oils were measured by using a
photoelectric colorimeter, Model 2C, manufactured by
Hirama Rika-Kenkyujo Co., and the thus measured values
were used as decolorizing abilities of the adsorbing
20 agents. The larger the values of transmission factors,
the larger the decolorizing ability of the adsorbing
agents.
{(Chloxophyll Residue Concentration)
The chlorophyll concentrations in the decolorized
25 o0ils were measured at a wavelength of A = 670 nm relying
on the absorption spectra.
(13} Filtering Testing.
The deacidified soybean oil is put in an amount of 50
g into a 100-ml beaker, heated at 95 °C with stirring on a
30 heating-type magnetic stirrer and, then, 5 g of the sample
adsorbing agent (10% relative to the oil) is added thereto
followed by stirring for 15 minutes. Thereafter, the
mixture slurry of the oil and the adsorbing agent is
filtered at a temperature of 95 °C under a reduced
35 pressure of 300 mmHg. The time from when the mixture



followed by stirring for 15 mnutes. Thereafter, the mxture slurry of the
oil and the adsorbing agent is filtered at a tenperature of 95 C under a
reduced 35 pressure of 300 mrHg. The time fromwhen the m xture - 3| 004
2004 25 slurry of the oil and the adsorbing agent is poured into a m
until when the whole surface of the filtered cake appears, is regarded to
be a filtering rate. (Exanple 1) 5 A dioctahedral snectite clay m neral
shown in Table 1 was used as a starting material. By using 500 g of this
starting material (40% of water content), a slurry was prepared having a
solid conponent concentration of 20% by 25WEI ght, and was wet-m |l ed by
using a pot mll. After the 10 inpurities were renoved by a sieve, the

sl lurry_ was welurnyldedty disi lelda t¢enkideuvobsni l@élytgmnplda@fémglmﬁi -d ype

pul veri zer s Ssu u S an.d 5 pm
To 100 g of fviet nEShiMheh $05 ot S pBeL ot Al pe P e, P
cont ai ni ng caPReIHS carh IR dEs &0 @esélﬁélﬁéhﬁﬁﬂeﬁ@t%oncentratlon of 8% by

wei ght (5% byexampoditijn terns of the dry product), and the mxture was
stirred uging a sii i@étéhoédr%q r&n’él%tifje Efigg”?n{ﬁ&'ggi“ é’wq_ %a?éfé’ fried
he o

to obtain granul es (average partic tal ned
granul es wer#asrgg@s 2 sHaHiag mateeiadi-d BY asas’aﬁ B8 r &t PHntd¥s 3509 and

ﬁge V\/ﬁSPeds%\bi‘hM\i\@trﬁdtm@dﬂ/\ﬂr@%ldrdfedwaf’c@U evRdehy) si &vehagrivy tlas a si eve of
mes 0 gbtain tivated requl ar | S.cT. ai ned
activated reﬁﬁ?%?r% apae‘ﬁln%l ay og‘ar g%\%g}:egc&gégﬁ?%éjcﬂ)ﬁ e?g% qﬁim cal
25 properti egeighe, rend|vas vm’te-ms'tlﬁdom ugimgbhepot migl- 1%%81}' sthQ s SEM

phot ograph. Thgusitced afdty Aeoveas i W sietBe dﬁéobmﬁtzynﬁaéeﬁétng and
filtering testig\g exhi bit ed favq_‘rabl0 sr%syllethts, as sh oup. Lo Jgpr
(Exanpl e 2) Bo1ASH; BE( AW £ SHEHTHE c My S ner & “shown®i ﬁY% | was
used as a staulveyineresd as ﬂg/aﬁﬁqmg 50@0éumﬁ Pﬁﬁ@d median diameter

(Dsg) of 5 pm. To 1000 g of the thus pulverized slurry

was added 131 g of a slurry containing calcium carbonate

15 at a solid component concentration of 8% by weight (5% by
weight in terms of the dry product), and the mixture was
stirred using a stirrer for 30 minutes. The mixed slurry
was spray-dried to obtain granules (average particle
diameter of 35 pm). The obtained granules were treated

20 with sulfuric acid of a concentration of 35%, and were
washed with water and were dried followed by sieving with
a sieve of 150 mesh to obtain activated regqular-shaped
clay particles. The obtained activated regular-shaped
clay particles were measured for their physical

25 properties. The results were as shown in Table 1. Figqg.
1{A) is its SEM photograph. The circularity (A) was 0.94.
The decolorizing testing and filtering testing exhibited
favorable results as shown in Table 3.

(Example 2)

30 A dioctahedral smectite clay mineral shown in Table 1
was used as a starting material. By using 500 g of this
starting material (40% of water content), a slurry was
prepared having a solid component concentration of 20% Dby
weight, and was wet-milled by using a pot mill. After the

35 impurities were removed by a sieve, the slurry was wet-



starting material (40% of water content), a slurry was . prepared having a
solid conponent concentration of 20% by weight, and was wet-mlled b

using a pot mll. After the 35 inpurities were renoved by a sieve, rthMRNM4
slurry was wet - 3 MAR 2004 26 mlled by using a continuous

finely-granul ating wet-type pulverizer so as to assune a vol une-based

medi an dianmeter (D50) of 2 Mn To 1000 g of the thus pulverized slurry

was added 131 g of a slurry containing cal ciumcarbonate 5 at a solid
conponent concentration of 8% by weight (5%by weight in terns of the dry
product), and the mixture was stirred uding a hononixer at 600 rpmfor 60
m nutes. The mxed slurry was spray-dried to obtain granules (average

palr]'Ei cle di mlEédoﬁy%ﬂn@fﬁ;coﬂlﬁfﬂ? 2 &q@hggya@&baﬁlﬁﬁﬁgglgeﬁtwisd wi Ej h
sul furic aci ; centration o 5% .a re S wi th waier an
were dried ng?%%eﬁgﬁgsg?é%?ﬁf ?ﬁﬁﬂ?%ﬂ%ﬂ%g@mgﬁ%fgﬁgﬁﬂgﬁlPB ghEgFher
activated-shé@sd.Oﬁe@uMaF clPay 1paet & coestheahehwbtia Inerk famtd stk yr egul ar -
Shaplefl cl ay waﬁthﬁ&l@@ _Y\@I_?_glf)?ﬁséllrﬁ_?_ﬁf&f dctob,@c:a&nﬁlﬁ)a_{ﬁb%@kitéﬁ ea%gﬁstét& The
results were_as_s in Table 1. e .decal ori zi esting, and_fiJtering
testing gghi%?t%dsg.ﬁ%éF% s [ §I§%&®H Pﬁ $gbpg E?lgFg.(i% Yisits
SEM phot ogr apfldifheiri termaret y{eA)dmya1@dgtt ) ( Eradpltbe3nigOuThewps ocedur e
was carried Qﬁi::'t@dhh@iﬁ@r@_mmeirx@? atl lrso;ﬁxac@am ng wiot ﬁihbegsx_ce@hzﬁon of
usi ng nagnesy.t c onat 1 of. cal.ciuy arbonate.to tarn the
activated regg?%? %{glaﬁdf?%gﬁégﬁg e Fﬁ?ﬁg§%§8t|§§ géesr 63?5?9§haped

cl ay particléérhk?bew%§§W¥@%FfQﬁ Ihdi mm5 pAhei ebt-apregeprpesleFheeresul ts
vveL_ebas 3.b]9WBréBB|§@btb£‘th llsulTMidﬁCeQJiQf i r@glcb@%tehmga@mdn}‘ blt )QBEEQaEQS“ 39
exhi bited favorabl e results as shown jn Table.3. anmpl.e. 4) The. procedure
was carried g%fgiﬁa%%%§§%ﬁ§1§gﬁﬁ%ﬁ %ﬂé S5 S RY egn§%§§5g§FtHytﬁéegkggption
of using sl ake@h| pngleye ki L MaRoXideptiadst egd igktedrshapedar bonate to

obtain regular clay particles. The obtained activated regular-
shaped clay particles were measured for their physical

15 properties. The results were as shown in Table 1. The
decolorizing testing and filtering testing exhibited
favorable results as shown in Table 3. Fig. 1(B) is its
SEM photograph. The circularity (A) was 0.91.

(Example 3)

20 The procedure was carried out in the same manner as
in Example 1 with the exception of using magnesium
carbonate instead of calcium carbonate to obtain the
activated regqular clay particles. The obtained activated
reqgular-shaped clay particles were measured for their

25 physical properties. The results were as shown in Table
1. The decolorizing testing and filtering testing
exhibited favorable results as shown in Table 3.

(Example 4)
The procedure was carried out in the same manner as

30 in Example 2 with the exception of using slaked lime
{calcium hydroxide) instead of calcium carbonate to obtain
the activated regular-shaped clay particles. The obtained
activated regular-shaped clay particles were measured for
their physical properties. The results were as shown in

35 Table 1. The decolorizing testing and filtering testing



the activated regul ar-shaped clay particles. The obtained activated

regul ar-shaped clay particles were neasured for their physical propdghmfﬁm4
The results were as shown in 35 Table 1. The decolorizing testing an
filtering testing - 3 MAR 2004 27 exhibited favorable results as shown in
Table 3. (Exanple 5) The procedure was carried out in the sane manner as
in Exanple 2 with the exception of changing the anount of 5 the slurry
cont ai ni ng 8% by wei ght of cal cium carbonate into 441 g (15% by wei ght in
ternms of the dry product) to obtain the activated regul ar-shaped clay
particles. The obtained activated regulzﬁr shaped clay particles were
measured for their physical properties. The results were 10 as shown in
Tabl e 1. The=xednltwd ZAiangriaddic ngsands ksl sRoWNgih eBalbe ®Xhi bited
favorable re Bs sshown in  Table 3. (Conparative Exanple 1) A

di oct ahedral snectite ‘clay, mneral shown in Table 2 15 was used as a
starting materialTPBPIAGSHFI5003G GRTEARY 04t at i Hae nadies imAnN0RDf wat er
content), a £ﬂtﬂxampwﬁsz mﬁ&ﬂa&a@ bawepglansofldham@p@@emmecmmmﬁﬂinﬁﬁlon of

20% by wei ghig mﬁ&ﬁg;aeﬁalml ge %b)sﬁ%ggh@ Betcﬁéim%gﬁoﬁm

inmpurities were re arry was weé | ed bQ/ using a
continuous fREP A4Y dhulild ‘i Oﬁtlgb}pén b’ﬁﬂ?%r?ﬁeT‘h%o 0% E"E)o Suhesa
vol ume- basedohaﬁﬁmrthh amdtiarat odDa@pudbr2spapedhel sy upayt wakespr dihalri ed to

obtain granuyl O?él'g ;Lbl ﬁ&rﬁqg% ghgggg E%Q?t}?grﬂéﬂas %ggrl c acid of

a concentratl on re ‘was er and were dried
fol | owed by %?%@W%EFv€Q%1EP%ﬁ%ﬂﬂ?YS&FaiSQIﬁﬁgﬁt%ﬁsobtEP% LRET VSR ifre
regul ar - shapesl shayn jpartdidees.. Titheobkabhediathgvaestinggamar - shaped cl ay

particles we flE@Pﬁ% e\%é@ngt heii RRYS %abopagmer£é§§1t;r hgs r &Sk Siyer e as
shown in Tab ﬁ 5 3 shows the 30 results of the decolorizing testing
andfilterinaIP Sting. (Conparative Exanple 2)

(Comparative Example 1)

A dioctahedral smectite clay mineral shown in Table 2

15 was used as a starting material. By using 500 g of this
starting material (40% of water content), a slurry was
prepared having a solid component concentration of 20% by
weight, and was wet-milled by using a pot mill. After the
impurities were removed by a sieve, the slurry was wet-

20 milled by using a continuous finely-granulating wet-type
pulverizer so as to assume a volume-based median diameter
(Dsg) of 2 pym. The slurry was spray-dried to obtain
granules. The obtained granules were treated with
sulfuric acid of a concentration of 35%, and were washed

25 with water and were dried followed by sieving with a sieve
of 150 mesh to obtain activated regular-shaped clay
particles. The obtained activated regular-shaped clay
particles were measured for their physical properties.

The results were as shown in Table 2. Fig. 3 shows the

30 results of the decoleorizing testing and filtering testing.
(Comparative Example 2)

The procedure was carried out in the same manner as
in Example 2 with the exception of changing the amount of
the slurry containing 8% by weight of calcium carbonate

35 into 625 g (20% by weight in terms of the dry product) to



The procedure was carried out in the same manner as in Exanple 2 with the
exception of changing the anount of the slurry containing 8% by wei ght of
cal cium carbonate 35 into 625 g (20% by weight in terns of the dry praHR0N
to - 3 MAR 2004 28 obtain the activated regular clay particles. The
obtained activated regul ar-shaped clay particles were neasured for their
physi cal properties. The results were as shown in Table 2. Table 3 shows
the-results of the decolorizing 5 testing and filtering testing.
(Conparative Exanples 3 to 5) Comrercially avail abl e activated clays of
conpositions shown in Table 2 were usedZ8The activated clays were neasured
for their physical properties. The 10 results were as shown in Table 2.

Tabl e 3 showsbtden tiesudisiwitddheedacakoriaiyngatestiag. antnd i bbedingd

(o511 00, 15 48 208 S5op A A0S Sl bty SLED ol FREERL L 0
Exanpl e ExanphelExiipdcapsinerties. The results were as shown in
Table 2. Table 3 shows the results of the decolorizing
5 testing and filtering testing.
(Comparative Examples 3 to 5)
Commercially available activated clays of
compositions shown in Table 2 were used. The activated
clays were measured for their physical properties. The
10 results were as shown in Table 2. Table 3 shows the
results of the decolorizing testing and filtering testing.
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1234551 70.3 13.9 2.5 0.8 4.5 1.6 0.6 4 --

4- 4- E-

Activated clay Chem cal
Si O281. 381. 381.481. 181. 0 A12036. 76. 76. 76. 66. 5 Fe2(030. 80. 80. 80. 70. 8

4-- 4- 4- E--- F-

4- -

4- 4 4- 4 4 -

E---

F-

4-- E-- 4--

4- 4 4 4 4 Total 99. 3F

Ca®2. 02. 00. 62. 32. 6 MgOl. 01. 02. 51. 01. 1 Na200. 40. 40. 50. 40. 4

K200. 40. 40. 60. 30. 5 Tot al 98. 798. 999. 198. 698. 0

Starting clay
Chemical
composition (%)

Ig-Loss

S5i0;

Al,0,

F8203

Cao

MgO

NaZO'

K,0

Total
Activated_clay
Chemical
composition (%)

Ig-LoSs

Sio,

Al;0,

Fel,0;

CaO

MgO

Na,O

K,0

Total
5%usp.pH
Average particle
diameter {pm)
Packing density

(g/ml)

Specific surface
area (m2/q)

Porous volume
{(cc/q)1000~-700004

Amount of solid

acid (mmol/q)
Hp=-5.6
~5.65Hp=-3.0
-3.0=Hy=+1.5
+1.5=Hu<+3.3
+3.3<5Hp=+4.8

conposition (% 1g-Loss6.16.26.06.26.1 - 3 MAR 2004
29
Table 1
Example Example Exzample Example Example
1 2 3 4 5
5.1 - — «— —
70.3 - “— «— —
13.9 = — «— «—
2.5 €~ — «— €«
0.8 — — €« —
4.5 — — — -
1.6 e — «— —
0.6 - — «— «—
99.3 — «— «— —
6.1 6.2 6.0 6.2 6.1
81.3 81.3 81.4 81.1 81.0
6.7 6.7 6.7 6.6 6.5
0.8 0.8 0.8 0.7 0.8
2.0 2.0 0.6 2.3 2.6
1.0 1.0 2.5 1.0 1.1
0.4 0.4 0.5 0.4 0.4
0.4 0.4 0.6 0.3 0.5
98.7 98.9 99.1 98.6 98.0
2.4 2.7 2.7 3.0 2.9
35.0 39.1 35.7 28.5 14.5
0.46 0.44 0.46 0.45 0.47
338 332 335 326 344
0.66 0.74 0.67 0.72 0D.68
0.41 0.45 0.48 0.40 0.39
0.03 0.04 0.03 0.03 0.03
0.02 6.02 0.02 0.03 0.02
0.02 0.04 0.03 0.02 0.03
0.47 0.46 0.45 0.46 0.43



5%usp. pH2. 42. 72. 73.02. 9 Average particle 35.039.135.728.514.5 dianeter (pm

Packi ng density 0.460.440. 460. 450.47 (g/ M) Specific surface

338332335326344 area (M 2/q) Porous volunme 0.660.740.670. 720. 68 cc/

1000- - 70000A Amount of solid acid (mrol/g)

-5. 6: 5Ho: E~- 3. 00. 030. 040. 030. 030. 03 -3. 0SHOS+1. 50. 020. 020. 020. 030. 02
+1. 5: 5HO0: 5+3. 30. 020. 040. 030. 020. 03 +3. 3sHO: 5+4. 80. 470. 460. 450. 460. 43

-3MAR2004 30 Table 2 Conp. Ex. Conp. Ex. ®onp. Ex. Conp. Ex. Conp. EX.

(B)*5 (O* Starting clay Chem cal

A120313. 9E-

Starting clay

Fe2032. 5F-

Chemical
composition (%)

_Ig-Loss
$10;
Al,05
Fe»05
Ca0
MgO
Na,CO
K50
Total

C aQ0 .

Comp.Ex.
1

- 3 MAR 2004

HO: s-5 . 60. 410. 450. 480. 400. 39

123(A) *4

conposition (9% 1g-Loss5.1 Si0270. 3<-

Comp.Ex.
2

Comp.Ex.
3 (AY*

8<---nggé.§4l-- Na201. 6<-

Comp.Ex.
4 (BY*

Comp.Ex.
5 (C)*

=~
O O RO N WO W!
W o oY m LW W

(te}

Activated cla
Chemical_
composition (%)

Ig-Loss
510,
Al,0,
Fe;0,
Cao
MgO
Na20
K70
Total

S5%usp.pld
Average particle

diameter

(1)
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Specific surface

areaz

(m2/q)

303

Porous volume )
(cc/q)1000~70000a O.

34

Amount of solid
acid (mmol/g)

H05—5 .6
.6=Hp=-3.0
.0=Hg=+1.5
.5=Hps+3.3
.3=H,=+4.8

-5
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K20 0.6 Total 99.3 Activated clay Chemi cal conposition

79- Loss6. 36. 05. 010. 65. 2 Si 0282. 581. 084. 270.881. 0 A12036. 96. 76.57.67.9
Fe2030. 50. 70. 94. 71. 9 Cao0. 62. 90. 41. 90. 8 MyQ0. 70. 81. 31. 32. 2 - 3 MAR 2004
Na200. 60. 40. 30. 40. 5 K200. 90. 30. 90. 80. 4 Tot al 99. 098. 899. 598. 198. 9
5%usn. pH2. 72. 83. 02. 63. 3 Average particle 34.512.922.132.327.9 di aneter

nmm - Packi ng density 0.500.490.480.500.50 (gq/m) Specific surface
303338321305300 area (nf/ Porous vol unme 0.340.600. 620. 560. 44
(cc/ x) 1000- 70000A Anmount of solid acidi(muol/Qq)

HO: 5- 5. 60. 390. 360. 350. 490. 42 -5. 6{ HO5- 3. 00. 040. 030. 020. 030. 02
-3.0: 5H0: 5-1- 1. 50. 020. 020. 020. 030. 03 +1.5: 5H05+3. 30. 020. 020. 030. 040. 01

Table 3

Transmission Concentration Filtering

factor of chlorophyll testing
(%) residue (ppm) (min' sec.")

Example 1 58.3 0.23 2'55"
Example 2 62.1 0.20 1'25"
Example 3 57.7 0.33 2'34"
Example 4 61.3 0.29 140"
Examplie 5 61.8 0.27 5'20"
Comp.Ex. 1 46.2 0.94 1'17"
Comp.Ex. 2 57.5 0.43 11'48"
Comp.Ex. 3 61.0 0.31 17*15"
Comp.Ex. 4 58.0 0.42 10" 3"
Comp.Ex. 5 53.0 0.57 12 7"
deacidified
rape o0il 9.0 21.6 -

Sample 0il: deacidified rape oil
amount of clay added: 1% by weight (relative
to the sample oil)



4- 3. 3: 5HO: 5+4. 80. 440. 400. 410. 450. 40 *; commerci al product 31 Table 3
Transm ssion Concentration Filtering factor of chlorophyll testing
(o)residue (ppm(mn' sec.") Exanple 1 58.30.232'55" Exanple 2 - 5 MAR 2004
62.10. 201' 25" Exanple 3 57.70.332' 34" Exanple 4 61.30.291140" Exanple 5

61. 80.275120" Conp. Ex. 1 46.20.941' 17" Conp. Ex. 2 57.50.4311' 48" Conp. Ex.
361. 00. 3117 15" Conp. Ex. 458.00.4210" 3" Conp. Ex. 5 53.00.5712" 7"
deacidified 9.021.6---- rape oil Sanple oil: deacidified rape oil Anount of
clay added: 1% by weight (relative to the sanple oil) -- 3 MAR 2004 32

I ndustrial Applicability The present in#éntors have succeeded in producing
activated regul ar-shaped clay particles form ng macropores therein,
preserving findustriwl Kepifcdlhd idivoct ahedral 5 snectite clay mnerals, and

D0 Pl e RERL AL Sen AR byl @u%gaggaa%égﬁggdwi | ch t hey

exhibit excellent tering proper actrva ar- “shaped cl ay
particles exRfbivaexter¢entdatdsiich§igvopertycles forming macropores

therein, preserving fine structure of the dioctahedral
5 smectite clay minerals, and having particle diameters

controlled to lie within a range in which they exhibit
excellent filtering property. The activated regular-
shaped clay particles exhibit excellent adsorbing property
-and filtering property in combination.

10 The invention further makes it possible to easily and
efficiently produce the activated regular-shaped clay
particles having the above-mentioned properties without
using any particular apparatus or means.
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and filtering property in conbination. 10 The invention further nakes it
possible to easily and efficiently produce the activated regul ar-shaped
clay particles having the above-nentioned properties w thout usi ng- MR 2004
particul ar apparatus or neans. 15 20 25 30 35 - 3 MAR 2004 33 CLAIMS: 1.
Activated regul ar-shaped clay particles obtained by treating dioctahedral
snectite clay mnerals with an 5 acid, wherein the regul ar-shaped particles
have a vol une- based medi an di aneter (050) of from 10 to 60 pmas found by
a laser diffraction method, have a porous volune of porous radii of 1000
to 70,000 angstroms of fromO0.63 to 1.0Q3cc/g as neasured by a nercury

I ntrusion porosity 10 nethod, and have a BET specific surface area of from

250 to 400 ng/ . Activated regul ar-shaped clay particles accordin to
claim 1, mheg§1 activated regular clay particles have a circula?ity
(A) defined by the followng fornula 15 (1), A= {f(Rl x R2)}/RL --- (1)

ggﬁ[ghp 5% ;eggffﬁgfZA%?&v%%éhu%e%hl%fcbhﬁpgacblbydpachiclesabbﬁginée

. a _scanning- e.elec s t t her eof ,
and R2 20 reftlederfd- e FRHS' S%%§3ﬁﬁﬁeé&g?rgﬁég?ﬁggegggﬁpg? from
0.8 to 1.6 HciAtt iwetmd r édw aestiaredhabgy particles haver @i KgLlul®-clai m

1 or 2, wher gjquddienefitdry digshat@aul @;, £l @y fRaitic!es dmyen ad ridund i ke
t hi n-pi ece texture specif.ic '

Loxture in IR SOdRmELtS e car Q8 R ir BaNSt SoPaeRoFnapsars of o oS
porous radii of 1000 to 70,000 angstroms of from 0.63 to
1.00 cc/g as measured by a mercury intrusion porosity

10 method, and have a BET specific surface area of from 250
to 400 m2/g.

2. Activated regular-shaped clay particles according
to claim 1, wherein the activated regular clay particles
have a circularity (A) defined by the following formula

15 (L),
A = {/ (R1 X Re)}/Ry -—- (1)

wherein R, represents the radius of a circumscribed

circle along the contour of a particle of a scanning-

type electron microphotograph thereof, and R;

20 represents the radius of an inscribed circle thereof,
of from 0.8 to 1.0.

3. Activated regular-shaped clay particles according
to claim 1 or 2, wherein the activated regular clay
particles have a frill-like thin-piece texture specific

25 +to montmorillonite and crater-like porous texture in the
scanning-type electron microphotograph thereof.

4. Activated regular-shaped clay particles according
to any one of claims 1 to 3, wherein the activated regular

clay particles have a diffraction peak at 28 = 19 to 20
30 degrees specific to montmorillonite and a diffraction peak

at 28 = 25 to 26 degrees specific to gypsum in the X-ray

diffraction (Cu - K Q}.
S. A refining agent for fats or oils, comprising

the activated clay of any one of claims 1 to 4.
35



4. Activated regul ar-shaped clay particles according to any one of clains
1 to 3, wherein the activated regular clay particles have a diffraction
peak at 20 = 19 to 20 30 degrees specific to nontnorillonite and a -3%#@2%4
diffraction peak at 20 = 25 to 26 degrees specific to gypsumin the X-ray
diffraction (Cu - Ka). 5. Arefining agent for fats or oils, conprising
the activated clay of any one of clains 1 to 4. 35 - 3 MAR 2004 34 6. A
catal yst carrier conprising the activated clay of any one of clains 1 to
4.

34

6. A catalyst carrier comprising the activated clay

of any one of claims 1 to 4.



