Process for Synthesis of Clay Particles Technical
Field The present invention generally relates to a

w@togesisd or synthesi zing clay particl es. Backgrosemos/ 000080
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Cl ays generally refer to a highly variable group of
natural materials that are soft, earthy, extrenely
fine grai neBrogesgsl EprpSynthesiseefnGlay Faagticles
consi sting of one or a m xture of various clay
mnerals and inpurities. Al kaline netals such as
sodium |ithiumand potassium and al kaline earth
nmet.al s such as nagnesi Urechakalmrdeddbari um are often
present in the nolecular structure of clays and have a

si gni firpants efdaat iﬂbéﬁ@iénp@ﬁﬁ%?@hl@”%éﬁ%%@éxﬂo a process

properties.” days play a very inportant role in many

I RAUSLLLeRes IR §d g on.their physical and

c%gni%gh%pﬁgpeﬁkﬁégi% o%%ﬁg %?%%Ee uses incl ude- '

manuf acturing of face bricks, chimey flue |inings,

sewer pipes, stoneware and earthenware pottery, fire

bricks, production of alum num kaolin fibres,

porcel ai-n, as a conponent 3?F¥%¥??%ﬂd_cenEnt, :

synthetic zeolites, wall and floor tiles, rubber, as a

filler Cleyspagriterapbint refdhedioves, hdghllantwgriable group of

ext ender, whitening, caulking, reinforcing agent

andpoeddctmarenfal s ghthsei ghteaggrfigat eaashg, substndmiley fine

for : - '
grained, usually plastic when moist and consisting of one
or a mixture of various clay minerals and impurities.
Alkaline metals such as sodium, lithium and potassium and
alkaline earth metals such as magnesium,..calcium ~and
barium are often present in the molecular structure of
“clays and have a significant effect in their.physical and
chemical properties.

Clays play a very important role in many industries.

Their use depends upon their physical and chemical
properties. Some of these uses include manufacturing of
face‘bricks,rchimney flue linings, sewer.pipes, stoneware
and earthenware pottery, fire bricks, production of
~aluminum, kaolin fibres, porcelain, as a component in
portland cement, synthetic éeoiites, wall and floor tiles,

rubber, as a filler for paper, paint, adhesives, sealants,

extender, ‘whitening, <caulking, reinforcing agent and



gravel in concrete products However, |large quantities
of natural clays are not readily available and are

wosghisysori xed with inpurities. The renoval ofpdheE®08/000080

10

15

20

25

| ER e pyesheer st U Hear Hial B 1FE Do

inmpurities fromthe clays can be extrenmely difficult.

It is therefore desirable to be able to synthesize

shROABET EOR| BF patohEVesdhhat2IFEIH Y &Fbs? aﬁﬂlnbélwute for
pure state and whi ch have desirabl e rheol ogi cal :
pgopeeli b8 sontratetpbroduchatter than, naturally

occurring clays. One of the known processes for
synt heRowéetgrsynidrefd cqehayipaesi s natvaladeschays are not
strai ghtforward co-precipitation step .with an al kal i
aBQa&hﬂJ?r I34@ 111Qh 13N h s bg eguerdu AWy Oﬁlhﬁéﬁwwﬂtﬂ'ﬁairﬂ@@i:ltles

whi ch invol ves convectional heating with -agitation

u at, Fat e Ass e g i 0 e

EH &%A‘{%lnptgfgtglﬁiggan “&3‘&; pressure. FEI&EVE@% an be

d othe r.eat ment ep.u | ] u

é F3ahet Vapireiehto o8 hitﬁl%reyﬁ%ee? MEdle Fo e avle
rocess tinme, for conventi onal heatln tak§§Place |s

a

material fromthe surface as deternlned by its mass
agubstantialiys pexs fi 6tRégt, &RSr mafh Je%fhdu&aﬁ’\ﬁ tydeSlrable-
density and .viscosity. Cbnvectlonal heating therefore
suhteilsgficein t erafiesadeant agémblabei Mpa sbow graddesss. than,

naturally occurring'clays.

One of'the known processes for éynthesiéing‘synthetic>
clay pafticles involves a straightforward cofprecipitation
step .with an alkali and fluo:ide ion and 'subsequent
hydrothermal treatment which involves convectional heating

with agitation under reflux at atmospheric pressure and in

" some cases with high temperature and high pressure.

However,bthe hydrothe;mal tréatment'step usually requifes
a time period of at least 10 to 20 hours. This'is becagse
tﬁe process time for conventional héaﬁing to take place is
limitéd. by the ‘rate of heat flow »intb the body of the
material .fronl the surface as determined by its mass in.
addition to its specific heat, therﬁal conductivity,
dénsity énd_.viscosity; Conveétional :heafiﬁg. therefore-
suffefé from the disédvantage of being ;:slow process.
Furthermoré, the high pressures results in thé.need

for specialized equipments such as pressure vessels, which

2



Furthernore, the high pressures results in the need
for specialized equi pnents such as pressure vessels,

wonniogimsr ease the capital and operati ng cost SPCT/SG2008/000080

associated with industrial scale plants to synthesize

the clay particles. Another disadvantage of
congseabenahehezanHgal sanch ePEFRFMBebREsS thesociated with
surfaces, edges and corners of the particles being
héatiedtaielmachlaoplentshan syatheside ¢het leday particles.
material. There is a need to provide a process for

- synt heghathRgrchayapaahnitadges dhatonvecrtimrsl dresting is non-
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convecTP6REI 1Redt Mg A i AlE

| east aneliorates, one or nore of the di sadvantages

des¢EbrRd BhOMEse | Thanashz¥a ASEOr décﬂ'?eé Oadd | E8tners of the
aspect there i's provided a process for synthesizing

g¥t€§ %%? §°¥EH5%JK%£$ mﬁEﬁpﬂyiﬁg?nﬂ 8 he inside of
actan I'on m xture of netal salt and a neta
|%lcat u5| g a radiation source under conditions to
f 5P B4 r%? thetic clay particles. Advantageously, in
one enbodi nent, the heating steg S undertak%n W t hout
%S?yprpﬁeaﬁe or synt e5121ng.
enbodi nent, the heating step is undertaken w thout
coAdyctpat ke n§hakdverieagenash y,of nagnel exdpbdiamedd orates,

‘the heating step i s undertaken using a m crowave

heati og souecef Aﬂeaduagdwaﬁnﬁgaﬂuda&urxﬁedaahnﬂ&ﬂ|on
sour_ce
| Summary
According to a first. aspect, there is ‘provided‘_a.
process for syntheeizing_ cley .p}article's ‘comprising the
step .bf heating e reactaht solhtion mixture of metal salt
'lénd ‘a metal eilicate using a radiation source . under
eondit.i.ons to.for_m said 'synthetic clay ‘particles. |
Advantageously, in _'one embodiment, the  heating step_
is undertaken without conve'ctionel.heating;
- Advantageously, in one embodiment, tile heating step
is undertaken without condﬁctive heating.
Advantageously, in oﬁe embo_diment, the he'ating step
is unde_rtaken esing a microwave heating source.
Advantageously, tk;e | use of .a _. radiation source
provides an energy Vefficient synthesi:s process for‘

synthesizing clay particles as lesser time may be required



provides an energy efficient synthesis process for
synthesizing clay particles as |esser tine nay be

wO B8 rsasif or co-preci pitation of the syntheti cPCl/$(2008/000080
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particles fromthe solution m xture. Advantageously,

the use of a radiation source also allows better |

cE® r 6P-BrechRisprdcan®shepe a¥AthRELG MlEy ikprticles from
conposition of the particles being synthesized.

Aclter slo hgt-t on amsxtond. aspect of the invention, there.

is provided a clay particle nmade in a process

accor didigahbageublyst t@spease Def i @i tradsafThen source also
foll owi ng words and terns used herein shall have the '

neanbRe bhadteat edntThe e Mhes W Aetdkd C3i8ape | SndOuleformity
interpreted broadly to include nmaterials related in

S{ﬁ“&&ﬂﬁgsigﬁbﬁygfeghg| ¥§t§?QeE°b%E§gfb?ﬁ%ﬁ%s@&%ﬁ§ :
syrh as'syntl?tlplregto Ite (lithium magnesium sodi um
silicate) . Wi e [ eCi t Wit hj :

scope fz?ﬁ(éll?ﬁvécr?t i.aons?a‘%gnﬁo??%\%gﬁg%?f e?gqs%sirgsféggf%?/%’ there
have application_al one qr, i.n conbination and in mxed..

| A5 ePTENAPEd RaGiPHi AL S DMt INes? PyPDRHGTTi #E5CTdIng to
talc, mcas and brittle mcas, chlorites, snectites - '
ahbevéirPEURFPESE -pal ygorskites and sepiolites. C her
phyllosilicates (clay mnerals) which may be enpl oyed

in the tablets according to the invention

Definitiéns

The following words ana terms used herein shall have
the meaning indicated:

The term “synthetic cléy” is to be intérpreted
broadly to- incldée materials related in structure to
layered clays'and porous fibrous clays such as synthetic
hectorite (lithium magnesium sbdium Siiicate). It will be
appreciated that withih the scope of the. invention the
following classes of clays have applicétion-alone or in
combination and in mixed -layerl clays: kaolinifes,
serpentines, pyrophyllites, talc, micas and brittle micas,
chlorites, smectites and vermiculites, palygorskites and
sepiolites. Other phyllosilicates  (clay minerals) which’
may be employed in the tablets according to the invention
are alléphape and imogolite. The foilowing references
describe the characterisation of clays of the above types:

Chemistry of Clay and Clay Minerals. Edited by A. C. D.
4



are al |l ophane and inogolite. The follow ng references
descri be the characterisation of clays of the above

wo ypesisifhem stry of Cay and Cay Mnerals. Beitschobsrooooso
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A . C. D .Newran. M neral ogi cal Society Mnograph No.

6 , 1987, Chapter 1 ; S . W. Bailey; Summary of
rSewnaendtliDRE2bPIACPEA ReFdRENat MoRoSEaRl t &0 A%y 1987
M neral s 15, 85-93; and A Handbook of Determ native
Mehépdsr | A;M Ber af ogPBaile§7, Shapeey loHy recommendations of
Hal | . The term "radiation source"” is to be interpreted
bpoaEh yNbRchBeh tdecanymal e¢begmayast iMi vemeeks that 85-€93; and

~capabl e of heating an aqueous solution. The term
" ARt BlddkCab £ Dt lrt 188 tii e N 3 Sdls b gadiyhdalogy, 1987,

i ncl ude any conpounds having a netal cation formng a

b h i bicate hon. The term"silicate" is to
bgﬂg‘?}?@%p%g?gdbbrgédfls%b i ncl ude any ani on in which ,
one or_nore_central_silicon atons afe .surrounded b

el ect rORRgat TR | i A Uth 5K gen> Thtg’ wg)rgd lXte:preted'
"substantially" does not exclude "conpletely" e. %L a
cBAPBLY | oFP whiRhlide " Ayst &HECHIRR 1G | FRVPSmyhat are
be conpletely free fromY . \Were necessary, the word :
"cabsbimt &l hgatihyg Ba aAlePEd BPOHCERE-definition of

the invention. Unless specified otherwi se, the terns .
"conprTséngterm “metal silicate” 1is to be interpreted

- broadly to include .any compounds hévingﬁ a metal cation
forming a bond with a silica?e anion.

" The term “siligagg” is- to be interpfeted broadly to
ihclude any anion in which one or more central silicén
atoms are surrounded by electronegétive ligands such as
oxygen. L - ;;

| fhe word 'ngubstantially”A doeé not excludé
“completely” é}g. a coﬁposition which is '“sﬁbstantially
free” from Y méy. be completeiy free ffom‘ Y. Where
necessary, the word “substantially? may be émitted from
the definition of the invention.

Unless specified otherWise; the . terms "cémprising"
and "comprise", and grammatical variants thereof, are
intended to repﬁeseﬁt "open" or "inclusive" lahguage such
that they include - ?ecited elements Dbut 'also permit

inclusion of additional, unrecited elements.



and "conprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive" |anguage

worokithst they include recited el enents but akSISG2008/000080
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pernit inclusion of additional, unrecited el enents. As

used herein, the term"about"; in the context of
concenﬁ$apﬁémshﬁrQiﬂnxﬁ@ﬁt§aﬂmtTﬁﬁ@%ﬁﬁuléﬂi6@% context. of
typically neans +/- 5% of 'the stated val ue, nore
typhcahtyatiend% obft hecampbdrental uepfnoreheypi fathylations,
+/- 3%of the stated value, nore typically, +/- 2% of
thgpstat g mahte, +gvensneife thei sedted +Walddp ohotbetypically
stated val ue, and even nore typically +/- 0.5% of the

SﬁgleQ°V%fﬂ%h§hEQHQQQUHaHWé5C%éféoﬁyﬁﬁcaﬁfytavﬂ 3% of the
odi ments may be disclosed in a range fornat

fSQ{?chgdb%a%@er%to?r%d d tcéf‘f degori pbl Qi I} d al0e oq value,
ornat i s mereél ven ehtce and brevity and
Lo S R LA i v

descrlgtlon range should be considered to have
SPREFT BEFF?laysé(os d5al Pt f&epSESitse Védberanges as

“well as individual nunerical values wi'thin that range.

For ex@hpbeghduescrilpts odistlesuatge cathadr famppdinents may
6 shoul d be considered to have specifically disclosed

shb- mmmyxbgm&hiﬂsdﬁxﬂndet6o&maﬁrcﬁmlshou4d dea oonderstood

to5, from2to 4, from2to 6, from3 to 6 etc.

aghuel | tas | @l@ls\tlr‘i%hoﬁunﬁefs Mdde N fbakat ange, ﬂ‘n@fely for
convenience and brevity and should not be construed as an
infleXib;e limitatioh on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within
that range. For example, description of é range such as
from 1 to' 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3,» from'i to 4;
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
‘as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of

the breadth of the range.



exanple, 1, 2, 3, 4, 5, and 6 . This applies
regardl ess of the breadth of the range. D scl osure of

wdaps/ersaso Enbodi nents Exenpl ary, non-1im ting PCT/SG2008/000080
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enbodi ments of a process for synthesizing synthetic

clay particles will now be disclosed. The netal

silicate my Pismipsadenlaf @ntiondl Emhadimendtkal i ne

earth nmetal silicate or blend thereof. Exenplary netal

si | i caEgempnakyge nont-Niitimtding catieod Soek tisn oifl iacagpegcess for
potassiumsilicate, berylliumsilicate, nagnesium

, Sis&zh‘ﬁﬁ%%i%‘iggclm SynmStdd cateay N pRetceshedi mepillt hewow be

reactant sol Ution mxture conprises a nolar excess of
t@gs takgsilicate relative to the netal salt.
Advantageousl y, heating using a radi ation source

ratetﬁ | ena

L1 PRGN T2 FRLEET Al 05| DALY e £081 ot

“vol unetric heating. Heat e‘ngr gy .fromthe radiatio

s6Fr cikatimens ATy tAPbagh tHe Hédfed Hat P1aPd  thereot.

el ectromagnetical ly. Consequently, the rate of heating .

| §xe0plainy ety SiHd Gahes cindlbide  FhRRI @R BhldGERea Sodium

mat erial as during convectional or conductive heating,

arsd liloa tieni f orpotassfueat sdildaitibut | orbésy hkeam | y silicate,

i nproved. Heating tinmes nay be reduced to | ess than '
OR@gPRIsGRItt sdflicate and calcium silicate.

In one - embodiment, the reactant solution mixture
comprises a molar excess of the metal silicate relative to
the metal salt.

AdVantagedusly, heating using "a radiation source

allows heating of a material at substantially the same

rate'throughout its volume, that is, it enables volumetric

heating. "Heat energy from the radiation source is
transferred through the  heated material electro-
magnetically. Consequently, the rate of heating is not

limited‘by the rate of heat transfer fhrough a material as . -
during convectionai or conductive heéting, and the
unifbrmity of heat distribution 1is greatly .improved.
Heating times.may be reduced to less than one percent of
that reéuired‘using convectional or conductivé héating.
Exemplary vradiation sources include radio waves,
microwaves; infrared, ultraviolet, X-rays and gamma rays.

In one embodiment, the radiation source 1is a microwave

7



that required using convectional or conductive
heating. Exenplary radi ation sources include radio

WO2es15150 cr owaves, infrared, ultraviol et, X-rEyBSGau08/000080
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gamma rays. In one enbodi nent, the radiation source is
a mcrowaveradi ation source. The -two nmai n nmechani sns

ofradiietowavedvemts.ng dthe dbpol avaigol meichaniiomsar@f microwave

conducti on nmechani sm Dipolar polarizationisa . -
pheegsagbyrehidéboheat pcl sgeinertated amd pobaduablienumeshanism.
When an el ectromagnetic field is applied, the

°$ﬁkkhﬁk|nﬁo@é&%&ﬁt@%nth§se|thﬁﬂﬂﬁgﬂ§§lcb§|ehﬂlch heat is
results in the novenent of the polar nolecules as they

tr n%ga@F ﬂr1ﬁyfg%e Wb&@chh%sf'elthépmﬁﬁﬁrel%%%romagnetlc

er-no forces experlenced by the po ar

ﬁgé&ﬁ?:es effectlveky pr%%ent s %ﬁ%%ggge natqré of the

Tn fﬁ%)randon1nnvenen
nDIecuIes and. gen Conduct i on_nechani X
GaGA TRAONE S Endr AlFb P st e RPEETEPange Ee Polar
an electric current. The oscillating nature of the
elmsdecofagnets cthe¥| dryases 24d6n | | BR2SE tHeh the field.
el ectrons or ions in a conductor such that an electric
cliowerveri, s geaerat e -ibketnl @r naforess sterrer ferezd b9oy the
the electric current results in the generation of

heaflarAcasThagles t ke fcuiomaAves pegvbatusesitld alignment,
produce high tenperatures uniformy inside a materi al

as LMRANRGd 49 eaRVErdA @R mBedkiend NeaNTHehi 551 8BY molecules
result in"heating only the external surfaces of a
and generating heat. Conduction mechanisms result in the
generation of heat .due td resisfance to an  electric
cﬁrrent.‘ The oscillating. nature Aéf fhe electromagnetic
field causes oscillatmﬁl of the electrons or ions in a
condﬁctbr such thét an eiectfic Curreﬁt is generated. The
internal fesistande faced by the electric current results
in the generation of heat. Accordingly, the microwaves
may be used to pfoduée higﬁ temperatures—unifOrmly inside
a materig%ias compared to conventional heating means which
may 'résulf _in heating only the external surfaces of a
material. |
The microwaves may be applied'at a power in the rangev
selected from the group consisting of aboﬁt 30 W to apgut
180 KW, about 30 W to about 150 KW, about 30 W to about

120 KW, about 30 W to about 100 KW, about 30 W to about 50

KW, about 30 W to about 25 KW, about 30 W to about 15 KW,
8



material. The m crowaves may be applied at a power in
the range selected fromthe group consisting of about

w@EosM tsasm|b. out 180 KW about 30 Wto about 158CTH8&G2008/000080
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about 30 Wto about 120 KW about 30 Wto about 100

KW about 30 Wto about 50 KW about 30 Wto about 25
KatpoaboB® BOtw BboabodO K&, K\wkbut3BV e cak@elt S 1§W, about
KW about 30 Wto about 5 KW about 30 Wto about 2

K¥) wbedt aBouY Lo Kiahouabol20BONW taboakond) WE® Whoabbout 50 W

1200 W, about 100 Wto about 1200 W, about 200 Wto

aboULpd200 1900 3ROoWHLRAD W owakeulabb2@0 1800 abouibdd 200 W
Wto about 1200 W, about 500 Wto about 1200 W, '

agguésv'ég‘@ Wolo® 3ROULLAZ003YY . wakeuUlpEAt WA aboUibout 400 W
about” 800 Wto about 1200 W, about 900 Wto

\éﬁout 1§ut 1%@8@%&?%13%0%“ {% thg%u%bg?a#ol%o% ou%)bg,‘gt 00 W
W

Sovrk BB e B0 0n e RO 989, BBl ono
60 Wto about 120 W about. 80 Wto about 120 W

abeuBbeEs W29 dborbPawh 900 Wbdet aRPul tH2 bk abputy 1000W
and about 50 Wto about 70 W. Typical frequencies of '

ntor eaues 128y We iapcite Iajetof 2wt 1300 WHzabeut 30 W to
about 300 GHz. This range may be divided into the

ubbbathilgb i, eqbentcy I0anye ofaifoBt t ®0 3WGHzbothe38ueto about
hi gh frequency range of 3 to 30 Gz and the extrenely :
hisghyf r aguercB o a3 efoctt too 3PP &bBut CooMANto about 120 W,
about 60 W to. about 120 W, about 80 W to about 120.W,
about 100 W to about 120 W, about 70 W to about 100 W and
about 50 W to about 70 W.

Typical frequencies of miqrowaves may be in the range
of about 300 MHz to about 300 GHz. This range may be
divided into the ultra-high frequency range of 0.3 to 3
GHz, thé supér high frequency range of 3 to 30 GHz and the
extremely high frequency range of 30 to 300 GHz. Common

sources of microwaves are microwave ovens that emit

~ microwave radiation at a frequency of about 0.915, 2.45,

or 5.8 GHz. The micrbwaﬁes ‘may be applied with a
frgquency in the range selected from the group consisting -
of about 0.3 GHz to about. 300 GHZ, about 0L3 GHz to about
200 GHz, ébout 0.3 GHz tO‘about.100 GHz, about 0.3 GHz to
about 50 GHz, about 0.3 GHZ to about 10 GHz, about 0.3 -GHz

to about 5.8 GHz, about 0.3 GHz to about 2.45 GHz, about
5 _



sources of mcrowaves are mcrowave ovens that emt
m crowave radi ation at a frequency of about 0.915,

WQR2008115050 5. 8 GHz. The m crowaves may be appl i B/$G1008/600080
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frequency in the range selected fromthe group

consi sting of about 0.3 GHz to about 300 GHz, about

0033 GRH 2t GoaliAuR ) GrE, Giiboardo 2oty &6 Lt ca pgoout 0.9
GHz, about 0.3 GHz to about 50 GHz, about 0.3 GHz to

aBbat 10 GHz, about 0.3 GHz to about 5.8 GHz, about-

0.3 GHz to about 2.4 5 GHz, about0.3 GHz to about

0. 915 Gz calkd cath@dirend, Gthnmiﬂxnmafe9hé}t1ngnlsneonducted
enbodi ment, the m crowave heating is conducted for a

Peb0g cgfe:_tlcrae bp theer angerdl Abeye @ modHesid om2nutes to
hours . The heating process may be undertaken under

‘sgbﬁéagg|ally al kal ine pH conditions. I n one

enbodiment, the pHis in the range of at |east 8.5.

Advant geous the pH is.i0 the rangg of t .

This i Fo ph% 9an %p ?nunweﬁ%tfonﬁ%nt ?%%g%#%ken under
reci pi.ation of the cla articles fromthe .

¢ SHPEEAPEARAMLYT L e RhbBANABREORE ot ﬂg}arswioaslment'

solution is added to the reactant solution mxture to

obheai PHsal® ankdhiene g onlli eFod-cafite et al Bvepgageously,

metal salt may be a nulti-valent netal. This netal may

bé&hselpéictied fn ooh¢ heaggeupf cOngiostlilng dfhibs kasi to prOVlde an

metals, alkaline earth netals, a

optlmunl environment for the co-precipiation of- the clay'
particles from the reactant mixture. In one embodiment, a
hetal hydroxide solution is added to the reactaﬁt solution
mixture to obtain_eaid alkaline pH cohdition.

The metal of the metai salt may be egrmﬂti—valent
metal." Thie> metal may be selected from the group
censisting of ‘alkali ﬁetals, alkaline earth \metals; a

metals of group IIIA, VIIA and VIII of the Perlodlc ‘Table

’Aof Elements. Exemplary metal include sodlum, potassium,
lithium, magnesium, calcium, aluminium, iron, and

manganese.

The. anion of the metal salt may be a halide.
Exemplary anion include chloride and fluoride.

The metal salt and metal silicates may be selectee to
synthesize .the ‘clay particles selected from the group
consisting of ehryolite; chlinochlore, kaolinite,

nontronite, paragonite, phlogopite, pyrophyllite,
10



nmetals of group I11TA VIITA and VIIl of the Periodic
Tabl e of Elenents. Exenplary netal include sodi um

wembgissiaom | ithium magnesi um cal ci um  al uniPOTUSG2008/000080
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iron, and manganese. The anion of the nmetal salt may

be a halide. Exenplary anion include chloride and :
f smecitdee, Thetabtal sedrmbmaladtal sind camdgktwgespe thereof.
selected to synthesize the clay particles selected o

f Eeempbhargr osflecoN8est cagyof icklyadel t eentbhinechl bedédellite,
kaolinite, nontronite, paragonite, phlogopite, _
PYeerBylikEt e, s(BRiid L 1 IShLreVer Hapdnditles anskevxhsies, and
t hereof. Exenplary snectite cfay i ncl ude bentonite,

b H@%h&%%ethg§§59[ite’ nmontnorillonite, saponite,

stéevensSite, and m xtures thereof. The process may

furthe rise a step

- for. remoyving of .
par L1 B FRSIee TOLCEARE 6 QTR Thes Ly 2 ShgoF Fomoving

renoved clay particles n&y then be dried to

sPstidim | Y PehbbeleRt FatBbu el 8FCt#RT efPORLIPR mixture.

one enbodi nent, the drying is_ carried out at a i
t @yger atemeved abéay 25PRHeHFEESC Y abbeng Msursdried to
The particle size of the clay particles may be in the
naubstaned al Aygerdrpovde exitceoester waree. theredgom. In one
enbodi nent, the nean size of the clay particles ranges -
f reaiBoiaieint20 ume tdrd20g Nl carried out at ‘a temperature of
about 250 degree C for about 8 hours.
The particle size of the clay particles may be in the
nano-meter range to the micrometer range. In one

embodiment, the mean size of the clay particles ranges

from about 20 nm to 120 nm.

Brief Description Of Drawings
The ‘accompanying drawings illustrate a disclosed
embodiment and serve to explain the prindiples of_fthe
disclosed embodiment. it is to be understood, however,
that the d:awings are designed . for purpQSes of
illustration only, and not as a definitiqn of the limits -

of the invention.

Fig. 1 is a schematic diagram of process for mixing
of the reactants to form a reactant solutioh mixture and a

microwave oven for irradiating microwaves  for co-

11



Brief Description OF Drawi ngs The acconpanyi ng
draw ngs illustrate a disclosed enbodi nent and serve

wo mogxEisu n the principles of the disclosed enforsemngo00080
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It is to be understood, however, that the draw ngs are

desi gned for purposes of illustration only, and not as
apeidipitia@n oaf tde | kfhtaedfict hecigywenpbenickieg.  lfi@m the
a schematic di agram of process for m xing of the ,
reaGtANES 215,05 BnAnk GRGEANL nRQldytd on i xture and a

m crowave oven for i1rradiating m crowaves for co

| precipitation of synthetic clay particles fromthe

react aftigsolti®na npxoaeest idoei rcharity. for i synthestessg clay
flow chart for synthesizing clay particles. Fig. 3 is
amaXtiayedi.ffracti on pattern of the experinental

sanpl e obtained in Exanple 2 in conparison wth

Laponite(r) (Southern Clay Particles, Ipc., Texas).
Fig. 4Fig-an3x ridy A% fractivn PattERAt Pt heatte}n of the

-experinmental sanple obtained in Exan&e 3in '

c empaTigentalt hsampbai Qtal HeSbut herkramle Par tir| eomparison

Inc., Texas). Fig. 5 is an X-ray diffraction pattern

ofwittre Iesperiit@nt (@ousdrpine Cdlatyai Reedt ligl svanple 4 Taxas) .

conmparison with Laponite(r) (Southern Clay Particles,

Inc., Texas). ) . .
Fig. 4 1is an X-ray diffraction pattern of the

experimental sample obtained in Example 3 in comparison

with Laponite® (Southern Clay Particles, Inc., Texas).

Fig. 5 1is an X-ray diffraction patterh of the
experimental sample obtained in Example 4 in comparison

wifh Laponite® (Southern Clay Particles; Inc., Texas).

Fig. 6 1is an X-ray diffraction pattern of the
experimental sample obtained in Example 5 ‘in’ comparison.

with Laponite® (Southern Clay Particles, Inc., Texas).

Detailed Disclosure of Embodiments

.Referring to Fig. 1 tﬁere are shown two tanks»(10,20).
with mixers (12,22) respectively disposed therein for

mixing the soiutions respectively contained therein. >Tank :

10 contains a metal salt solution thch is mixed

homogeneously vtherein by means of the . mixer 12.

Simultaneously, a metal silicate solution is homogeneously

12



Fig. 6 is an X-ray diffraction pattern of the
experinmental sanple obtained in Exanple 5 in

wazopariison with Laponite(r) (Southern C ay Pardi/stmes/000080
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Inc., Texas). Detailed Disclosure of Enbodi ments

Referrlng to Fig. 1 there are shown two tanks (10, 20)

wint kedi ker safk2202pyr espest bfelthedimsiprsed 2 her Bhe metal salt
m xi ng the solutions respectively contained therejn.
TaBkulfok OBt aicas a1 4rehAl maktlsad il i cat ehisol it om )Gstd:eam 24
honogeneously therein by neans of the m xer 12 .

SEQH%E@@?@H &y oBtAehak sfibmatensol ¥hybonthfiks (10,20) are
eneous ym xed in tank 20 by nmeans of the m xer

22. Th I |
25ypl38. B M0 20445400 *L45pT I8 AR b, pospecrive

the two (10, 2 are punped into the reaction
t BHRPEQ ¢ ﬁ]gréé )t A8 FgéBECtlve punps (16, 26) as shown.

The reaction tank 30 conprises a mixer 32 to en

homogeRB8 U SRSk o‘%aff]ﬁe39e§<95“§|¥tlsseogot%l Re&dStr ?r% {He enable
metal salt solution stream 14 and the metal silicate
sbbappenestseani 2ing Thef r éh@ i geactdn 3 fkf@ined  from the

‘conprises an al kaline feed stream 34 which allows the

addithilonsalt ansel kol on sustiresn sddi urartd/drtdye dewett@lt hgilicate
sol ution contained therein, thereby raising the pHto

alskabicAenC @tdiddndns4 . Tha@heeacd 86t i 69! dhin®n 30 XaUse@ comprises
hence obtained fromthe reaction tank 30 is punped via -

aﬂugﬁkéﬁlhgr%%%@.%t&%%%@@4 which allows the addition of an
alkali such as'sodium hydroxide to the solution contained.
therein,‘fhereby'raising the pH to alkaline conditions.

The reactant s§1u£ion'mi2ture_henc¢ obtained from the
reaction tank 30 is pumped &ia a pumé 56 through a stream
54 into a tank 52. The tank 52 is made of a material that
‘is able to withstand microwave.’ radiation without
undergoing any physical or chemical changes. The tank 52
is contained within a microwave‘ oven 40 ‘used as a
radiation source for fadiating‘microwaves’to heat up the
‘reactant solution mixture contéined.inlthe fank 52.

The microwave oven - 40 cémprises a wall 42 that is

_ impermeable to the radiation or microwaves that are

produced therein. The tank 52 containing the reactant
solution mixture therein is placed in the controlled
environment 44 of the microwave oven 40, and exposed to

the. microwave radiation generated therein. The microwave

13



54 into a tank 52. The tank 52 is nmade of a materi al
that is able to withstand m crowave radi ati on w t hout

- wWamdengesing any physical or chem cal changes. PGESG20$000080
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52 is contained within a m crowave oven 40 used as a
radi ati on source for radiating mcrowaves to heat up
t hadiattonntinsdihs iomiciled eontaionegnin 44hels apkmicrowave
52. The m crowave oven 40 conprises a wall 42 that is
i ipelaeahlieted tdte s adiratjuencyr ofi calbvaves . Bh&Hzarteo 300 GHz
produced therein. The tank 52 containing the reactant

spthi @npBivEtupe BheretB fgophaced in the controlled
enV|ronnent 44 of the mcrowave oven-40, and exposed

to theq HécrgEQp%'¥¥iéH%§H'Q nenat &gk LASFRID. £ 1084 1n1t1ates
ron 1.n

m crowaver a e controll ed environnent 44

arncromav field.emtted a f.r f '
iUt BB e, W%*he%l%%w%s LRI BROUFuncs
energy rel eased the mcrowave field.initiate nd

T ot A e PR £ ERC T AF BEE woo e oat afte | hank 52.
the reactant solution m xture contained in the tank
5Zhifhrgspdsal €8 ithe RO R PR EHRT ORL ofhehynthetic clay
synthetic clay particles fromthe reactant sol ution
npartieleFhé rminxttinee rsfachamtthesdtucioy paxturées Zhe mixture
sol vent hence obtai ned therein then passes through the
peedusyn thet 1k e Sitadyeapadt iidlies aahdl tesltvamk 33Rndheobtained

product mxture is washed .and filtered in the

therein then passés through the product mixturefstream 36
into a filter tank 38.

, The product mixture is.'washed .and ‘filtefed in the
filter tank 38 to. obtain a filtrate 46, that is, the
solvent, and a residue 48, that is, the sypthetic clay
'particies.

Fig. 2 shows a pchess flow diagram for the synthesis
bf synfhetic clay particleé. The syﬁthesis précess
generally comprises the step of mixing 50 .1-:1-1e reactan“ts
(métal salt and metal silicate solutions) to form a
reactant solution mixture under the condition of an
alkaline pH. The reactant solutidn_mixture is then placed
in a microwave oven to allow for co—preéipitating 60 of
the synthetic clay particles from the reactanf solution
mixture. Washing and filtering 70 steps further process a
product mixtufe hence obtained. from the‘co—precipitation

60 step. The filtered product is then put for drying 80
14



filter tank 38 to obtain a filtrate 46, that is, the
solvent, and a residue 48, that is, the synthetic clay

weasiiiss. Fig. 2 shows a process flow di agr am1/s6200$1@00080
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synthesis of synthetic clay particles. The synthesis

process generally conprises the step of m xing 50 the

reaict ah0s demre¢ Sl tfand Srettausid | cabeisel usyohdptie clay
forma reactant solution m xture under the condition ,
opazBiallkal iAeapbubsbanteatlignipuse uitaar mivd when obtained.
then placed in a m crowave oven to allow for
co-precipitating 60 of the synthetic clay particles

fromthe reactant solution mxture. Washing and

filtering 70 steps further gy s @ product mxture

~ hence obtained fromthe co-precipitation 60 step. The

filtered product.is _then_put .for dryi 80at Q ‘14
degreegC B8P lﬂét%gg DFFgﬁpgfntﬁetigﬁglaﬁ%ggﬁgﬁQPGSWlll be
obt ai ned.

in a substantially pure state are the .
ERBASPES ACRERAPRRY | MBS0 hePF nREFbRedi pP 10 any

be further described, which should not be construed as

i Wagnyimayingnithengcere séopdcofinveatifrent i on

Exanple 1 A first tank was | oaded with 69 g of _

magnesi um-chl oride (99%purity), 2.12 g of lithium

chloride (99% purity) and 500 m of water. The 88gm

Sol uti on of Sodi.um Example 1 : ~

A first tank was loaded with 69 g of magnesium

chloride (99% purity), 2.12 g' of lithium chlofide (99%
purity).and‘SOO ml of water. The 88gm Solution of Sodium
Silicate (29g Si,0 and 8.9g Na,O per 100gm) is diluted in
500ml of water. -The reaction solutibns are respectively
homogenously mixed in the first and second tanks before
being transferred into'a reaction tank ovér a period of 30
minutes with constant stirring. 0.11 M sodium hydroxide
is then added drop-wise to raise the pH of the reactant
solution mixture in the reaction ténk to 9.5. "The
reactant solution mixture in the reaction tank is agitated
for 30 minutes. The reaction tank is contained within a
microwave oven with a power up to 1000 W, emitting

microwave radiation at a frequency of 2.45 GHz for 30

minutes. The product mixture is washed with water and
filtered.” The filtered product is dried at 250 °C for 8

hours. Analysis of the precipitate indicated that the
15



Silicate (299 Si 20 and 8.9g Na20 per 100gm is diluted
in 500m of water. The reaction solutions are

wo sepersiso/el y honogenously mxed in the first BIWSG2008/000080
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second tanks before being transferred into a reaction

tank over a period of 30 mnutes with constant
spireciipgtadellparsodilem hydrexi ggnitbetion adéed and had  an
drop-wise to raise the pH of the reactant solution

nMexedhgel parhécleastizen dfardodu: BG. nifhe Thast dntlicates that
solution mxture in the reaction tank is agitated for ‘

3QitBULes. h-lg@cj[rﬁ%CW1Q|Ploh%nkah§ o dteibydt hhBaing is a
m crowave oven with a power up to 1000 W, enitting ‘

mogLawava Ladi Al QR 2o LSAUERGYE Af A-Ap (&% {Ofe 30
m nut es. %E gductlarrll ?toursgqll s washed vazbtsh water and
filtered. The f| |tered product is dried at 250 OC for
8 hours. Analysis of the precipitate indicated that

~theprecipitate particles re s nt%gtic clay and had

an average particle size or*3B8 nm -This
i ndi cates that m crowave heati ncg

Wi t hout a%\% o
convechi oRefsthe&Bndy ¥asa hoadske wakhs 93 Whi 6h ¢ magnesium
synthesize clay particles. Exanmple 2 A first tank was
| chded it h( A9 9puy idfy)vaghedidung cldfor ldehfgaoschloride (99%
purity), 4.45 g of lithiumchloride (99% purity) and
9@t yof awat @00 Tile dif6gm&ol utThe 066GmdisvmuSiibncatfe Sodium
(29g Si 20 and 8.9g Na20O per | OOgm) is diluted i'n 900n _
ositatete TBJ Bl %@obuggongr BESARRmVEL ¥ diluted in

900ml of water. The reactlon solutlons are- respectlvely
homogenously mixed in the first and second tanks before
being transferred into a reaction tank o_vefa period of 30
minutés with constant stirring. 0.11 M sodium hydroxide
is then added drop-wise to raise the pH of the reactant
solution_ mixture in the ‘r'eaction tank to 9.5. The
reaction tank is contained within a microwave oven with a
power up to 5000 W operatihg with a f—requency of 2.45 GHz.
The reaction tank is then subjected to microwave radiation
at a power of 1100 W for 10 minutes followed by at a power

of 330 W fd:_: 50 minutes. The produqt mixture is washed
with water and filtered. The filtered product is dried at
250 °C for 8 hours. |

Fig. 3 shows the X-ray diff.raction pattern of the
experrimentalv product (labeled as “sample7”) obtained in

accordance with the experimental protocol described above
16



honogenously m xed in the first and second tanks
before being transferred into a reaction tank over a

wezos/esisf 30 m nutes with constant stirring. BCTISGIS/000080

10

15

sodi um hydroxide is then added drop-wi se to raise the

pH of the reactant solution mxture in the reaction

tank tompabisPhe weabti en tcamimerciconitwai rechimiathien aproduct,
m crowave oven with a power up to 5000 Woperating

WLaPoni fe@quesaLy hefrn?. i yGHzarThelegactinen ,t adgdsy (labeled
then subjected to mcrowave radi ation at a power: of

1&90“¥%398a%glﬂbnuhgssﬁghhoﬁﬁﬁEQﬁfﬁ3fiﬁKHWX Ay 3§prYactlon

for 50 m nutes. The product n1xture i's washed MAt

%E%%?€d0%| h%r%ﬁpe}qﬁé% &q§¥%?%téfh fgjégmllar to

or 8 ours fraction

rn of_the e t al rod I Ied as '
ﬁéﬂ% &) WHATRER! n decorEk %theasexB% Prgfiogn that
prot ocol descri bed aboveln conparlson Wi t
CBROEBFEP FLECRSIOPRE FroMiG Sﬁ.%ﬁbﬁﬂ’fee(?li f(fs%u%m?ﬁlmental
Cay Particles, Inc., Texas) (labeled as "standardl"
. pAsdsabw s|yrliltrheg}lcs clahePxXrEaglepd f rREEIGEdpain ep@cordance
of the experinental product obtained is simlar to

-thathothmapmnscbésmreAbemednnghy,comphaabbeenxshommmerc1ally

that the three dinensional atom c structure of the

expeiigpntaprpuadyet (synthetic clay particles)
obtained in accordance with the disclosure herein is
conparable to commercially avail abl e products.

- Example 3
~ The éxperiment is repeated in accordance with the
steps in E#ample 2 up to the'step ofiédjustment of the pH
of the reactant solution mixture in the reaction tank to
9.5. In this Example, the reaction tank is then subjected_
to microwave radiation at é power of 3800 W for 10 minutes

followed by at a power‘rof 1100 W for 30 minutes. The

'A product mixture is washed with water and filtered. The

20

25

filtered product is dried at 250 °C for 8 hours.

Fig. 4 shows the X-ray diffraction pattern of the
experimental .product (labeled. as “Wim—T3OV) obtained. in
accordance with the experimental prdtocol described above
in comparison >with a coﬁmercially available pfoduct,
Laponite® (Southern Clay Particles, Inc., Texas) (labeled
as “standardl”). As shown in Fig. 4, the X-ray diffraction

pattern of the experimental product obtained is similar to
17



Exanpl e 3 The experinment is repeated in accordance
Wth the steps in Exanple 2 up to the step of

wazjosistsrent of the pH of the reactant sol uti onPCW/$G200&£000080
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in the reaction tank to 9.5. In this Exanple, the

reaction tank is then subjected to m crowave radiation
athatpovier Lapod380e®W f dkcagrdimgl s fidl | aedbegnatskown that
power of 1100 Wfor 30 m nutes. The product mixture is
wahbed hwieth ddmicers iand 1f ialtioaried. sthhecfuté eo8dtpeodupbrimental
is.dried at 250 OC for 8 hours. Fig. 4 shows the X-ray -

FEEH@@E'Q%yﬁQHé@ﬂ&(ﬁli%epéfﬁﬁﬁﬁgﬁmt@bﬂaﬂﬂ&mtln accordance
abel ed as "W m T30" tained in accordance with the

eXRER al; DLOLoGPL desehibe ¥PalrApd@MPas | 868fAm
mn?ﬁhaq%g%n%%géa%$§ avai?gghe %?ogg arLaponlte(r) erClally
( Sout.he Ca ticles, Inc., Texas) (labeled as
"?ygﬁ&agg " %d Qshown in Flg 4 , the X-ray
dlffractlon pattern of the experinmental product
obtained is simlar tothat of Laponite(r).

-Accordingly, it has been shown that the three

di mensi onal atomic struct f@ngle He experiment al

product (synthetic clay particles) obtained in

accor d@hee ekpérimenti sid osepeatedei hni sacompdanbée wich the
comerci ally avail abl e products. Exanple 4 The

expepismamnt HxanAred atb | to ather darge of tdadjletméepsofnthe pH
Exanple 2 up to the step of adjustment of the pH ’
of the reactant solution mixture in the reaction tank to
9.5. 1In this Example, the reaction tank is then subjected
to microwave radiation at a power of 1100 W for 10 minutes

followed by at a power of 800 W for 4 minutes. The broduct
mixture is Qashed with water and filtered. The filtered
rproduct is dried at 250 °C for 8 hours

Fig. 5 shows the X-ray diffraction pattern of the
experimental product (labeled as »“wkl_lTlOka_8T30”)
ogtained in .accordance. with the eXperimentsl _protbcoi
described above in comparison" with a commercially
afailable- pfoduct, Laponite® (Southern Clay. Particles(
inc., Texas) (;abeled as “standardl”). As shown in Fig. 5,
the X-ray diffraction pattern of the experiﬁental product
obtained is similar to that of Laponite®. Accordingly, it
has been shown that the three dimensional atomic structure

of the experimental product (synthetic' clay particles)

~
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of the reactant solution mxture in the reaction tank
to 9.5. In this Exanple, the reaction tank is then

walop/ersisd to m crowave radi ati on at a power ofCTIIC@D0ON00080
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for 10 minutes followed by at a power of 800 Wfor 4

m nutes. The product mxture is washed with water and

f bbteiedd The fatterddnpeodwdtthi stlei ediscl@50r@C herein is
8 hours. Fig. 5 shows the X-ray diffraction pattern of

t Bemp¥papi eetbatofimedutb1(lyakeiaad a8 e products.

"wkl _| TIOWKkO_8T30") obtained in accordance with the
experinental protocol described above in conparison

with a comercially. avail abl e product, Laponite(r)

(Southern ay Particles, g %e xas) (| abeled as
“standardl ") . As shown in E 3 the X-ray '

diffra Lon, attern of the exper.i nent.al rodu t .

obt ai ngh‘ 1Bt o that Bt taeg%n%{‘e( Tcorgance with the

Accordlngl¥f |t has been shown that the three
dEHERSi dRalEx@Mlicc StiRicElr EP6F FIRP Xpetfnent@pnt of the pH

.pr oduct (synthetlc clay particles)obtained in

a@éoﬁdﬁhc@e&¢¢¢nthéoép§ép@suﬁhxmwﬁ%lﬁnléﬂﬁbnﬁ%ﬁ%ﬁ#QPtéank to
commercially avail abl e products. Exanple 5 The

e®@pér.i mamt tihd sr épeatpdce | nclae coedabhtenwtthkt he $hepsawbjected
Exanple 2 up to the step  of adjustrment of the pH of

the meacbaRlveS Hadtila®@n on Hiure p@wéheofeaeooow E@ﬁklmomlnutes
9.5. In this Exanple, the reaction tank is then

Slffeu%h%@ t@ymaocr OEQBV;?OWQQ' a# on 1@l arpaesr 9% 3800uMs. The

10 m nutes

product mixture is washed with water and fllteredc The
.flltered product is drled at 250 °C for 8 hours.

| Fig.. 6 shows the X-ray dlffractlon. pattern of the
eXperimental product '(labeled .as “wk3800T10wk1100T16”)
obtained in accordance with the eXpeximentai protocol
describea above in ccmparison witﬁ a 'commetcially
atailable prcduct,. Laponite® (Southern Clay Particles,
Inc.,fTexas)‘(labeled,asj“standardl&).'As shown in Fig. 6;
the X-ray diffraction pattérn of thc experimental.product
obtained is similar tc.thét'of Laponite®. Accordingly, it
has been shown that the three dimensicnal atomic ctructure
of the 'experimental product (synthetic clay particles)
obtaiﬁed in accordance with the disclosure herein is

comparable to commercially available products.
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followed by at a power o f 1100 Wfor 16 m nutes. The
product m xture is washed with water and filtered. The

wd 2dos/ersash product is dried at 250 OC for 8 hourGrL/SGi0gs/000080
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6 shows the X-ray diffraction pattern of the

experinmental product (labeled as "wk3800T10wkl | 00T16")

obt ai ned i n accordance wkppldlcatdqysy i nental protocol

descri bed above in conparison with a commercially

avai'l abt ewpldduet ,agmpadi dtedd ) thSouther MiG@dysed process is
Particles, Inc., Texas) (labeled as "standardl") . As

showpnt tnib¥s SrocktBg.X-ray diffraction pattern of the
experimental product obtained is simlar to that of

Laponi t g(r.):.1 Aceqr di as n : e
t hree %i@rre‘)nls%lon%% a?g%k%:écé%}rcﬁgt u?lgggf ?ﬁmg%%g?%ﬁtgﬁt a
pr,oduct gynthet ';Lc cl %il particles bt ai ned_in high
a‘é%%?d_aﬂ vvilPHo NE di*S€ oslT%e HET ei'hh 978 ]Fr%%sr%%?e o "9
comercially avail able products. Applications It wl| :
bECERBFREFEEed t hatPtRe GLAQTSHF It ocEESUFESy capital  and
continuous process. It will be appreciated that the
dPBefraterg peegkss does not involve the use of high

pressure or high tenperature. This effectively reduces

capi taltandildpeiat i agpcestistett what bheappiisclatsed process
that the disclosed process produces synthetic clay

pprbiates efynthdtdran sizg, pshapeles of uniform size, shape

rocess

and composition.

It will be appreciated that the disclosed process
reﬁuires less time for production of the synthefic clay -
particles. This is posSible»due to tﬁe use of a radiation
source instead of conventi;nal heating methods for the co-
precipitation of the_sYnthetic clay particles.

It will be appreéiated that the aisclosed proceés
prdduces sYnthetic clay paréiclés' that are in a.
substantially pure state. Furthermore; - the disclosed
process does not require complicated purifying éteps to
obtain pure synthetic clay particles. |

It will be appreciated that the disclosed process
produces synthetic c¢lay particles that have several
commercial applications. The synthetic clay particles can
be used as or in the manufacturing of a rheology moaifier
in aqueous solution, a film forming agent, a catAlyst or

base for catalyst, nanocomposites or energy storage

20



and conposition. It will be appreciated that the
di scl osed process requires less tine for production of

wo hessysshetic clay particles. This is possi blecHs&0b9000080

10

.that have seve

the use of a radiation source instead of conventiona

heati ng nmet hods for the coprecipitation of the
syanheomposfibgspartoptes. |electkobécappr ephatedolhaic  and
the di scl osed process produces synthetic clay .
parghanlies uh@htar@mmta@bsda@deallyapdresﬁtmatoe:s such as
Furthernore, the disclosed process does not require

CRRKLHES egeﬁgbréybegb§b§eﬁsbesobtaln pure synthetic
clay particles. It will be appreciated that the

di scl ogsed, prRGC h
| SCl 03£0H"R9 ﬁ %éo%‘rerm aﬁﬁggpﬁdcrg.tc{ilosﬁgoﬁ?%f'ﬁ!38§f1catlons
nthetlc cIa part%ctgs can b .used as, of i

nd, adaptat nfs £ rheo?ogy don wil aqueoé?lgrent to the

SR D S UL S i

st or agenanoconpo& tes, opti-c el ectronics, phot ovoltaic

afAdselganre Ml@hpuéquHQﬁfkﬂ%désomaﬁaesé@%ﬁ@?sﬁnﬁ1%@ppe of
hum-dity sensors or biosensors. It will be apparent

t bhe varnwarstigtrher amddi fitat iions andeadspt attloms ofall  such
the invention will be apparent to the person skilled ’

i potih€1aatishbeanteadapgatiensorege ngi thicl giserr scope of the
wi t hout departing fromthe splrlt and scope . of

appended claims.
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the invention and it is intended that all such
nodi fi cati ons and adaptati ons conme within the scope of
wao hes/ammsnded clains.Clains 1 . A process for PCT/SG2008/000080
synthesizing clay particles conprising the step of
heating a reactant solution m xture of netal salt and
a netal silicate using a ¢ha8imsi on source under
conditions to formsaid clay particles. 2 . A process- .
laccoRdpigces sClfairmsymtgsiising ¢hey spept bEélsel eonpnfising
said netal silicate fromthe group consisting of
thbt Ritd® Ji iKSd€in$ 08 vERELhheatsd 1 IOLAS Shikh id | 68t Retal
berylliumsilicate, nmagnesiumsilicate and cal ci um
s3hk! GAL 5 dnetdl PELES §té089&ﬂ'§;n9aft9a&i£é{6ril_ source under
conprising using a nolar excess of netal silicate
rel.ati.ve to said netal, salt said.reactant sol ution
chit b Ehey 2o Rolrosedy Bled Bng {8 A m 1 wherei n
‘said radiation source is a mcrowave radiation source.
5 . A process according to claim4 , conprising the
step of applying said mcrowaves at a power .in the

2rangd FHrIESA t 8ce8pdimyoto3cclgim lompmprisgng sthe step

process according to claim4 , conprising the step of
odppl seecshng niserichavestad t h sl fieafencyrp® i rthehe group
range of 0.3 GHz to 300 GHz. 7 . A process according to
cohaiigt4ng comyEri silaghtihs steplicate, sodium silicate,
potassium - silicate, beryllium ‘silicate, magnesium

silicate and calcium silicate.

3. A process according to claim 1 comprising using a
molar excess of metal silicate relative to said.Ametal

salt said reactant solution mixture.

4. A process according to claim 1  wherein said

radiation source is a microwave radiation source.

5. | A process according to claim 4, compriéing the step
of applying said microwaves at'a power in the range of 30

W to 180 KW or 30 W to 1200 W.

6. A process according to .claim 4, comprising the step
of ‘applying said microwaves with a frequency is in the

range of 0.3 GHz to 300 GHz.
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of applying said mcrowaves for a period of tinme in

the range of 20 mnutes to 2 hours. 8. A process
wapowentiify to claim 1l wherein said heating i s PCT/SG2008/000080

undert aken under a substantially al kaline pH"

condition. 9 . A process according to claim8 wherein

said pHis in the range of at least 8.5. 10. A process

according to claim9 wherein said pHis in the range

f 9a prdteskl.adc@fdbegstaceading t ccohgi 13 8ng the step

conprising the step of adding a netal hydroxide

léﬁﬁpﬁﬁ% s d meachanled Xy eat eohbal rbtsatﬂme in the
al kal'i ne condition. 12. A process according t

f§1q§ o% w%ehﬁhﬂt%Q'QOn%t%%qu said metal salt is a

-vale netal” salt solution. 13. A process
according to claim1 wherein said netal of said netal
salt is selected fromthe group consisting of aIkaI
netal s, alkaline earth netals, a netals of,group |IlIA, o
8Y1 | AParRFOASSS FCENMA TG | b8 C11aBl & JfhErehRnfaifs heating
process according to claim13 wherein said netal of-
isai dundeatakant iynderect@ad fywmtdntigblp conbtating pH
of sodi um potaSS|un1 l'ithium magnesium cal cium '

c@ngtiiomm i ron, and manganese. 15. A process B
according to cIa|n113 wherein said anion of said netal
salt is a halide.

9. - A process according to claim 8 wherein said pH is in .

the range of at least 8.5.

10. A process according to claim 9 wherein said pH is in

the range of 9 to 10.

11. A process_according,to claim 8 comprising the step
of adding' a metal hydroxide solution to said reactant

mixture to obtain said alkaline'pH condition.

12. A process according to claim 1 wherein said metal of

said metal salt is a multi-valent metal salt solution.

13. A proéess according to claim 1 wherein said metal of
said metal salt is selected from the group consisting of
alkali metals, alkaline earth metals, a metals of group

ITIIA, VIIA and VIII of the Periodic Table of Elements.
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16. A process according to claim 13 wherein said anion
of said netal salt is at |east one of chloride and

waé baegnisdsy ani ons . 17. A process according to edBEse2088/000080
wherein said netal salt and said source of silicates
are selected to synthesize the clay particles sel ected
fromthe group consisting of chryolite, chlinochlore,
kaolinite, nontronite, paragonite, phlogopite,
1RYr ophyrddes,s sa®cdidengt &loC, cVeimi ¢0l aiHereaitd said metal
m xtures thereof. 18. A process according to claim17

WNELSIN i It 118 gb@)édt%oﬁehe&ﬁ eghé r givhipe can@YBting
consi sting of bentonite, beidellite, hectorite,

nt oni ite, sit tur
?ﬁer%g % Eg}tg%ggglﬂlécco%gkﬂﬁ %aﬁqs%ﬁbrlg%lcmm’
ﬁ stﬁg r enovi ng sai d cley particles fromsaid ’
MRAPARE sSFAPY oRM 9282 RE3RF5Sess according to cl ai m 19
conprising the step of drying said renoved cl ay
particles to substantially renpve extraneous water-
therefrom 21.- A process according to claim 19 wherein '
1Sai dAdmionpsst epCterdangi @ ovlasm a3t effhrreitiur 8apf anion
about 250 degree C . 22. A process according to claim
ofgswhdrmenaiasdldrysng @Bépde& carried out for about 8
hour s.

16. A process accbrding to claim 13 wherein said anion

' of said metal salt is at least one of chloride and

fluoride anions.

17. A pro;ess according to claim 1 wheréin.said metal
salt and said source of silicates are selected to
syhtheéize. the clay particles selected from the group
consisting of chryolite,' chlinoéhlore, kaolinite,

nontronite, paragonite, phlogopite, pyrophyllite;

" smectite, talc, vermiculaite and mixtures thereof.

18. A process according to claim 17 wherein said
smectite clay is selected from the group consisting of
bentonite, beidellite, hectorite, montmorillonite,

"saponite, stevensite, and mixtures thereof.

24



10

15

20

25

23. A process according to claiml1l , wherein the
particle size of said clay particles is in the

W@ 20084 T8Eer range to the microneter range. 24.p@/SG2008/000080
process according to claim 23, wherein said particle
size of said clay partlcl es is in the range of 40 nm

190 120PHRCESS. a&@@lrpﬂartpc@meh ﬁoalpmléé-@gs the step
accor di ng to claim1 .

of removing said clay particles from said reactant

solution.

- 20. A'process according to claim 19 comprising thé step

of drying said removed clay particles: to subétantially

remove extraneous water therefrom.

- 21. A process according to claim 19 wherein said drying

step is carried out at a temperature - of about

250 degree C.. ‘

22. A process according to claim 19 wherein said drying

step is carried out for about 8 hours.

23. A process acgording'to claim 1, wherein'the particle
size of said clay particles is in the nano-meter range to

the micrometer range.
24. A process according to claim 23, wherein said
particle size of said clay particles is in the range of

40 nm to 120 nm.

25. A clay particle. made in a process according to

claim 1.
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