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The present invention generally relates to a process 5 for synthesizing clay particles Background
Clays generally refer to a highly variable group of natural materials that are soft, earthy, extremely fine
10 grained, us a&%&l}e}glﬂ%when moist and consisting of one or a mixture of various claé minerals and
impurities. Alkaline metals such as sodium, lithium and potassium and alkd e GEAI eSS such as
magnesium, calcium and barium are often present in the molecular structure of 15 clays and have a
significant effect in their physiéateesshdimicabpropesties of Clapy pkacaielinportant role in many
industries. Their use depends upon their physical and chemical properties. Some of these uses
include manufacturing of 20 face bricks, chimney flue linings, sewer pipes, stoneware and
earthenware pottery, fire bricks, production of aluminum, kaolin fibres, porcelain, as a component in
portland cement, synthetic zeolites, wall and floBrHEdnSer=aE a filler for paper, paint, adhesives,

sealants; 25 extender, whiten ng, caulking, reinforcing agent and WO
2008/115150PCT/S620 %Kﬁééﬁent invention geherally relates to & process

5 for synthesizing‘ciay particles.’

Eamkgx@und

Clays generaily refer to a highly wvariable group of
natural materials that are soft, earthy, extremely fine
10 grained, usually plastic when moist and consisting of éne
or a ﬁiﬁture of various c<lay minerals andl impurities.
Alkaline metals such as sodium, lithium and potassium and
alkaline earth metalé- such és magnesium,. calcium  and
barium are often present in the molecular structure of
15 clays and have a significant effect in their physical and

chemicai properties.
Clays play a wvery important role in many industries.
Their use depends upon their physical aﬁd chemical
properties. Some of these uses include manufacturing of
20  face bricks, chimney flue linings, sewer.pipes, stonewars
and earthenware pottery, fire Dbricks, production of
~aluminum, kaolin fibres, porcelain, as & component in
portland cement, synthetic ééélites, wall and floor tiles,
rubber, as a filler for paper, paint, adhesives, sealants,

2% extender, whitening, caulking, reinforcing agent and



production of lightweight aggregate as a substitute for gravel in concrete products However, large
guantities of natural clays are not readily available and are usually mixed with impurities 5 The removal
of these impurities from the clay can be extremely difficult. It is therefore desirable to be able to

synthes_lze sxgw%b%fﬂg}/sgartlcles that are in a substantially pure state andpg%gzgza%\/ﬂ%?d}gﬁlrable
theological properties similar to, or better than, 10 naturally occurring clays. ne or the known

processes for synthesizing synthetic clay particles involves a straightforward co-precipitation step with
an alkali and flucreIBA HifthsubSequeHt Hyet R Ernd eadhent whichanvaesédnvettiohaf heating
15 with agitation under reflux at atmospheric pressure and in some cases with high temperature and
high pressure. HEWRVEH, the IfyR6tHarmaP He3HRERt step usually requires a time period of at least 10
to 20 hours. This is because the process time for conyentional heating to take place is 20 limited by
the rate of heat flow int& tHE bBHY of e haBhalfrom e sirfac as tetemiingd by its fadSin
addition to its specifi hfat, tg%rp]f)%bcEnductiyitgr%engg}é ggg visccj:g{iglc'1 ng)égctional ?h?_%t:il_ré%tzherefore

suffers from the &i“’g% \:]/"aﬁ/taéﬂe of elngea Slow process. XheIPmore, the |ghl§%§§ures résults in

the need for speciglized Gouinments sughLas preggiye-vessels, which WQ 299%/71;51&91?%@

G2008/000080 increase the capital and operating costs associated with industrial scale plants to
synthesize the claypasticles. a1 Fnether disagvantagernf conyectionas heating is-gopnitasmsbecause

the surfaces, edges and corners of the _ -
to Synthesize synthetic clay particles that are in a
substantially pure state énd which have desirable
rheologicai properties similar to, or better than,
10 naturally occurring clays. |

" One ofrihe known processes for éynthesi#ing synthetic
clay particles involves a straightforward co-precipitation
step with an alkali and fluoride ion and ‘subsequent
hydrothermal treatment which involves convectional heating
15  with agitation under reflux at atmospheric pressure and in
" some cases with high temperature and high pressure.
However, the hydrothermal treatment step usually requifes
. a time period of at least 10 to 20 hours. Thisris because
the process time for conventional heating to take place is
20 limitéd by the .rate of heat flow intb the body of the‘
material from the surface as determined by its mass in
addition to 1ts specific heat, therﬁal conductivity,
dénsity and wviscosity. Cenvectional Jheétiﬁg therefore

suffefs from the disadvantage of being ; slow process.
25 Furth@rmoré, the high pressures results in thé need

for specialized eguipments such as pressure vessels, which
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5 particles being heated are much hotter than the inside of the material. There is a need to provide
a process for synthesizing clay particles that overcomes, or at least ameliorates, one or more of the

disadvantaggs, &%gﬂ%?geabove. 10 Summary According to a first aspecktpg&g(ﬁg%&\éi )ed a
process for synthesizing clay particles comprising the step of heating a reactan{ solution mixture of

metal salt 15 and a metal silicate using a radiation source under conditions to form said synthetic clay
particles. Advantagesuistyhin onerembddiment, thedeating stepistusdestaker ivdthedt corviectional
heating. Advantageously, in one embodiment, the heating step 20 is undertaken without
conductive heatingiu st Atlvantagebasty} avdne émbegintentsthedebling stepyispmdeitakes using a
microwave heating source. . Advantageously, the use of a radiation source provides an energy
efficient synthesis prodesstfbe25 dysthdsizingaiay pafticlesrasslessentime aybeneqdisedofor
co-precipitation of the synthetic clay particles from the solution mixture.
uniform because the surfaces, edges and corners of the
5 ‘partiéles being heated are much hotter than the inside of
the material.
There is a need to provide a process for syntﬁesizing
clayf particles that overcomes, or ét least ameliorates,
one or more of the disadvantages described above. -
10
Summary
According te a first aspect, there 1is provided,'a
process for synthesizing clay ‘particles comprising the
step of heating a r@actaﬁt solution mixture of metal salt
15 and a metal silicate using a radiation source . under
conditions to form said'synthetic-clay~partic1es.
Advantageously, in one embodiment, the heating step
is undertaken without convectional heating.
,Advanﬁageously, in one embodiment, the heating step
20  is undertaken without conductive heating.
Advantageously, in one embodiment, the heating step
is undertaken using a microwave heating source.
Advantageously, the | use of a radiation source

provides an energy efficient synthesis process for

25 synthesizing clay particles as lesser time may be required



Advantageously, the use of a radiation source also allows better control of the size and shape and
uniformity in composition of the particles being synthesized. According to an embodiment of the
disclosure, there is provided a clay particle made in a process according to the first aspect. Definitions
The following words and terms used herein shall have the meaning indicated: The term "synthetic
clay” is to be interpreted broadly to include materials related in structure to layered clays and porous
fibrous clays such-as symthetic frectarite (ithiwndanagpesiun @dig@%litﬁg@t It will be appreciated that
within the scope g%m‘%_igven%olg{%qlerfolIowing classes of clays have application alone or in
combination and in mlieé)?aye'r o ays? kaolinites, serpentines, pyrophyllites, talc, micas and brittle
micas, chlorites, sAvéctitesaardvermiculités: palygorskiteszand sepiolites: Other, phyllosiiicates (clay
minerals) which nay pe.emplo in the tablets according to the invention are allophane and
imogolite. T%]e fgﬁ’c?wigg Tre;?e%ef%?g{s é%criﬁg tﬁ}%hasré%?erfggéonsofa gl%yﬁS%thg%%%%ﬁé’s:
Chemistry of Cla§@nd-ClayMirefalsh Edited biA.=G. De WO 2008/145156RCT/S62008/000080
Newman. Mingralggj@@lr@qgj@tytl\gogggrgjggd}gh@zr;@%f C@ﬁ@,teéilé, S W, BglleyﬁSu}pgemggy of
recommendations of AIPEA Nomenclature Committee, Clay Minerals 15, §§-9’3; and A Handbook of
Determinatie Meftiods in MiAgraisgy: 1987, Bastaptér £ by P4 Halla ©<oTHé ternt tradiation source”

is to be intefpreted brgadly to include any electromagnetic waves that are capable of heating an

agueous solution. The term "metal silicate" is to be interpreted 10 broadly to include any
compounds having a metal cation forming a bond with a silicate anion. The term 'silicate” is to be
interpreted broadly to . - Definitions

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

The term “synthetic clay” is to be interpreted broadly
to include materials related in structure to layvered clays
and porous fibrous «clays such as synthetic Thectorite
(lithium magnesium sodium silicate). It will be
appreciated that within the scope of +the invention the
following classes of clays have application alone or in
combination and in mixed layer clays: kaolinites,
serpentines, pyrophyllites, talc, micas and brittle micas,
chleorites, smectites and vermiculites, palygorskites and
sepiolites. Other phyllosilicates (clay minerals} which may
be emploved in the tablets according to the invention are
allophane and imogolite. The following references describe
the characterisation of clays of the above types: Chemistry

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



include any anion in which one or more central silicon atoms are surrounded by electronegative
ligands such as 15 oxygen. Theword"substantially"doesnotexclude "completely” e g. a composition
which is "substantially free" from Y may be completely free from Y, Where necessary, the word

.-substantially{;g@%}g,%g{mned from 20 the definition of the invention. U{E%??%« E&zdf%i&%@othemise,
the ter s "comprising” and "comprise", and grammatical variants thereof, are intended to represent

"open" _ "inclusive" language such that they include recited elements but also permit 25 inclusion of
additional, unrecitedmedémentsi /a3 PO Y228 156PCTESE 20080000802 B8 -usell-heréff the term
"about", in the context of concentrations of components of the formulations, typically means +/- 5%
of-the stated valG&FRbfe typitally +/- %% SFthecstated YAERT Mor ty fiEAIRFEE ™S94 o 996 5 Stated
value, more typically, +/- 2% of the stated value, even mare typically +/-.1% of the stated valug, and
even more typica%%ﬁao%%edﬁﬁg stt8d VATt S Fhroughod Jfﬁllg‘ré?s%fosluré,% ﬁ%iﬁ’erﬁﬁgdiments

may be disclosed,ina range forpat. . should Be Undersieqd oas in mineratogy, 1987,

5 Chapter 1 by.P» L. Hall.

The term “radiation source? 1is to be inte;preted
broadly to include any ele&%romagnetic waves that are
capable of heatiné an agueous solution.

The term “metal silicate” is to be intérpreted

16  breadly to incliude any compounds having a metal cation
forming a .bond with a silica?@ anion.

" The fTerm “sili;aﬁg” is to be interpfeted broadly to
ihclude any anion in which one or more central silicén
atoms are surrounded by electxonegétive iigands such as

15 oxygen. B Y
| fhe word a;sﬁbstantialzy”l doeé not exclude
“completely” é}g,_ a composition which is “substantially
free” from Y méy be completeiy free from Y. Where
necessary, the word “substantially; may be émitted from
20 the definition of the invention.

Unless specified otherwise, the . terms fcémprising“
and “comprise”, and grammatical wvariants thereof, are
intended to-represeﬁt "open® or "inclusive®” language such
that they include - Eecited elements but -also permit

25 inclusieon of additional, unrecited elements.



10 that the description in range format is merely for convenience and brevity and should not be
construed as an inflexible limitation on the scope of the disclosed ranges. Accordingly, the description
of a range should be considered to have specifically disclosed all the possible 15 sub-ranges as well
as individual ical_values within that range. For example, description of a range such as from 1 to
6 should be c‘:%}#gi%%?éﬁcf\{%have specifically disclosed sub-ranges such as ﬁ%%sﬁ%}%{??%?ﬂ 1to 4, from
1to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., 20 as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, ahel. 61 5Fhis appliesregaidiessafthe"bisadtt of the rahge.cW@ext. of
2008/115150PCVSG208A00080 Disclosure of Optionalodaments Exemplary, non-limiting
embodiments of @688 frisinthesiging syrRAGHEAT Particés wilkhow bé digtivsedl 8The metal
silicate may be any alkali metal silicate or alkaline earth metal silicate or blend thereof. Exemplary
metal silicates inENfde Rt SR, §6diunt siicateRFotakaium! sitigate beffigm Siichté hagnesium
silicate and calcium silicate. 10ln one embodiment, the reactant solution mixture comprises a molar

excess of the metAl silicate’feldtiVe t5 e MetdPsaiE” TREvantdgesasly *heating tgingma ratfation
e o R0 5L R LSl L S Lo OB, £
even more typically +/~ 1% of the stated wvalue, and even
moré t?picélly +/~ 0.5% of the stated value.
Throughout this di;clésure, certain embodiments may
be disclosad in a xange format. It should be understood
10 fhat the description in range format is merely for
convenience and brevity and should not be construed és an
infiexible limitation on the scope of the disclosed
ranges. Accordingly, the description of.a range should be
considered tc have specifically disclosed all the possible
15 sub-ranges as well as individual numergéal values within
thatyrange, For example, des&ription of a range such as
from 1 to 6. should be considered to have specifically
disclosed sub-ranges such as ffom 1 to 3, from 1 to 4,
from 1 to 5, from 2 to 4, from 2 te &, from 3 tec 6 etc.,
20 &@s well as individual numbers_ within that range, for
example, 1, 2, 3, 4, 5, and.6. This applie; regardless of

the breadth of the range.



transferredthroughtheheated materialelectro- magnetically.Consequently, the rate of heating is not
limited by the rate of heat transfer through a material as 20 during convectional or conductive heating,
and the uniformity of heat distribution is greatly improved. Heating times may be reduced to less than
one percent gf¢hakkaquiggd using convectional or conductive heating. Exegplagy,iadiation sources
include radio waves, 25 microwaves, infrared, ultraviolet, X-rays and gamma rays. In one embodiment,
the radiation source is a microwave WO 2008/115150PCT/862008/000080 radiation source.The two
main mechanisms of microwave Ré&ti@ arsgipofapoianreibrEs Bgsctthn mechanism. Dipolar
polarization is a process by which heat is generated in polar molecules.When an electromagnetic 5
field is applied,the oscillaliRgRaRGRE of thB eléttdrhagn SRRTRI FESUIB iR the?mBvéangRAfofthe polar
molecules as they try to align in phase with the field. However, the inter-molecular forces ex%erlenced

by the polar mole%\ﬁ@@ﬁé&?&fé% prévemtSictFalightieht, Pareicies will

disclosed.

5 . The metal silicate may be any alkalli metal silicate
or  alkaline earth metal sgilicate or Dblend thereéf,
Exemplary métal silicates include lithium silicate, sodium
silicate, potassiun silicate, beryllium silicate,
magnesiumvsilicéte and calcium silicate.

10 In one embodiment, tﬁe xéacﬁént solution mixture
comprises a molar excess of the metal silicate relative to
thelmetal sa;t.

Advantégeously, heating using ‘a2 radiation source
allows heating of a material ét substantially the same

15 rate throughout its volume, that 1s, 1t enables volﬁmetric

heating. Heat energy from the radiation source is

transferred through the  heated material electro-
magnetically. Conseguently, Tthe rate o©¢f heating is not

limited by the rate of heat transfer through a material as

20 during convectional or conductive heating, and the

uniformity of Theat distribution is greatly improved.

Heating times may be reduced to less than one percent of
that reﬁuired using convectional or conductivé heating.

Exemﬁlary radiation sources include zradio waves,

25 ndcrowaves, infrared, ultraviolet, X-rays and gamma rays.

In one embodiment, the radiation scurce is a microwave

7



10 resulting in the random movement of the polar moleculesand generating heat. Conduction
mechanisms result in the generation of heat due to resistance to an electric current. The oscillating
nature of the electromagnetic field causes oscillation of the electrons or ions in a 15 conductor such
that an electriggusgntissgenerated. The internal resistance faced by the ejectric. clirent results in the
generation of heat. Accordingly, the microwaves may be used to produce high temperatures uniformly
inside a materia as compared to conventional heating means which 20 may result in heating only the
external surfaces @ica atdterialsThe PricrowdVes Malp baappliet 2t 235oveasin te rhgeweidsted from
the group consisting of about 30 W to about 180 KW, about 30 W to about 150 KW, about 30 W to
about 25 120 KW &bt BOPREtCHRSUE D 0RWE BbBRE 309V 16 3b SISO KWL ADBRE RO W/ -about 25
KW, about 30 W to about 15 KW, W() 2098/115150PC T/SG2008/000080 about 30 W to about 10
KW, about 30 W t3-BBORE 5 R AbbAE36 W to ABouf2 KV “aBtiit 30°W to*dbidtit 1260°W, abbut 50 W
to about 1200 W, about %O%W.to about 1200 W, abq&uﬁt] 200 W to about 12001W about 300, W to about
1200 W, about 466 W%atoeaboﬁﬁZ%B ) about 500 W16 abotit 0 W, a%oﬁF 668%% Qbout 1200

W, about 70Q W ta;ahqut 1200 W, aboyt 800 W, ip.about 1200 W. aBout 900 W to abopt 1200 W,

about 1000W to about 1200 W, about 30 W to about 1100 W, about 30 W to about 100 W, about 30 W

to about 80 W, akaw3Q ¥\ 1e.about- 10 601V, abayt 3Q W tp about,d0,W, about, 40 W do.about 120
W,about 60 W to about 120 W, about 80 W to about 120W, about 100 W to about 120 W, about 70 W

to about 100 W apdiakeutt0 Wsto-about #O0W. to align in phase with the field.

However, the inter-molecular forces 'experienced by the
polar moleculeé effectively prevent  such aliénment;
10 xé$ulting in the random movement of the polar ﬁo;ecules
énd generating heat. Conduction mechanisms result in the
geﬁeration cf heat ‘due to resistance to an  electric
current. The oscillating nature '§f the electromagnetic
field causes oscillatién of the electrons or ions in a
- 15 condﬁctbr such that an eiectric current is generated. The
internal ?esistance faced by the electric current results
in the generation of heat. Accordingly, the microwaves
may be used to prﬁduce high temperatures-unifOImly inside
a matexi§£;as compared to conventional heating means which
20 may result _in heating only the external surfaces of a
materizl. |
The microwaves may be applied at a power in the range'
selected from the group consisting of about 30 W to about
180 KW, about 30 W to about 150 KW, about 30 W to about
25 120 KW, about 30 W to about 100 KW, about 30 ﬁ t£o about 50

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



Typical frequencies of microwaves may be in the range 15 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, the super high frequency
range of 3 to 30 GHz and the extremely high frequency range of 30 to 300 GHz. Common sources of

microwaves a4g, RigPWaye ovens that emit 20 microwave radiation at a fr%@%%@&g%t 0.915,
2.45, or 5.8 GHz. The microwaves may be applied with a frequency in the range selected from the

group consisting of about 0.3 GHz to about 300 GHz, about 0.3 GHz to about 200 GHz, about 0.3 GHz
to about 100 GH2PasutiP. 3G t¢25HbobE SBGH2Pastsut 803 CHLtRBEEt T0 BHz, 20t 0.3 GHz

to about 5.8 GHz, about 0.3 GHz to about 2.45 GHz, about WO 20081115150PCT/5G2008/0000.80
0.3 GHz to about .91 5t SHz ftdralodt™.3 B2 o dBolit 06 GPHt 1iPEn& entbstitnent. te

microwave heating is conducted for a period of time in the range of about 10 minutes to 5 2 hours.

The heating process #&) be thtBridkert Btér substahtialty aiidiife pEP Eoftiticve 1h on® ¥
embodiment, thet%H %Ion helr%ge ﬁf ag@gg?.%@d%ar%tgg%%%sl% ﬂﬂ?iﬁﬁ {E inggg]‘g%n ?}8f %to 10.
e r

This is to provide an oup imum environment for the co-precipiation 0 clay particles from the

reactant mixure.ln ane.emboediment, a metglhydigxige sglutipp is added tqthe,reactant gelytion

mixture to obtain said alkaline pH condition. The metal of the metal salt may be a multi-valent
15 metal. This metgl maybe seleeted from the. greup gonsistingefalkalbmelals.agialine earth

.metals, a 'metals of.group 114, VIIAE and VIII -of the Periodic "Table

to about 1200 W, about 800 W to about 1208 W, about 1000W

o ab@ut 1200 W, about 30 W to about 1100 W, about 30 W to

abéut 100 W, about 30 W to abocut B0 W, about 30 W to about

10 60 W, about 30 W to about 40 W, about 40 W to about 120 W,

abogt c0 W to. about 120 W,'about 80 W to about 120. W,

about 100 W ﬁo about 120 W, about 70 W to about 100 W and

about 50 W to about 70 W. |

Typical freguencies of miqrowaves may Dbe in the zange

15 of about 300 MHz to about 300 GHz. This range may be

| divided into thé'ultraéhigh(frequency fagge of 0.3 to 3

GHz, the super high frequen@y rénge of 3 to 30 GHz and the

extremely high frequendy range of 30 to 300 GHz. Common

sources of microwaves are microwave ovens that emit

'20- microwave radiation at a freguency of about 0.815, 2.45,

or 5.8 GHz. The microwaﬁes may be applied with a
freguency in the %ange selected from the group consisting -

of about 0.3 GHz to about.SOG_GHz, about 0.3 GHz to about

20C GHz, about 0.3 GHZ tO'about‘loO GEz, about 0.3 GHz to

25 about 50 GHz, about 0.3 GH? to about 10 GHz, about 0.3 GHz

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



of Elements.Exemplary metal include sodium, potassium,

mhimumgnesmm calcium,aluminium QARG ZeMRNgaRess. -~ the.anion.ofthe metal salt.may. »
" be d halidé. Exemplary anion.include,chloride and fluoride. The%éﬁ%ﬁ@ﬂ&ﬁﬁ@t@l&&@ﬁe&%@‘ib@ﬁﬂg

selected to synthesize the clay particles 25 consistingofchryolite, nd¥tesedParagonite, 10

cei Apr 28, 2009 08:39:17. Page 7 of 10
AMENDED SHEET, ceived atthe EPO on Ap - 951/ 562008,000080
0.3 GHz to about 0.915 GHz and about 0.3 GHz to about 0.9

GHz. '
In one embodiment, the microwave heating is conducted
for a pericd of time in the range of about 10 minutes to
5 2 hours. |
The héating process mayl be -undertaken under
substamtiélly alkaline pH conditiocns. In ohe embodiment,
the pH is in the rangs of at least 8.5. Advantageously,
the pH is in the range of 9 teo 10. This is to provide an
10  optimum environment for the co-precipiation of the clay
'particles from the reactant mixture. In one embodiment, a
metal hydroxidg solution is added to the reactant solution
‘mixture to obtain saild alkaline pH condition.
The metal of the metal sait: may be a znultiwvalent
i5 metal. This metal may be selected Ffrom the‘ group
consisting of alkali metals,: aikaline aarth -metals, a
'meta¢s of: group ITIA, VI_HB and VITI of the Pex*odlb Table
of Elements. Exemplary metal 1nclude sodlum, potassium,
iithium, magnesium, caléium, aluminium, iron, and
Z0 T manganese.
The énion cf the metal salt may .be =2 halide.
Exemplary anion- include. chloride and fluoride, |
The metal salt and metal silicates méyrbe selected to
synthesize the clay particles selected from the group
25  consisting of chryolite, chlinochlore, kaclinite,
nontronite, paragonite, phlogopite, pyvrophyllite,

10

AMENDED SHEET
welved at the EPO on Ap;’ 28 2@@9 08:38:17. Page 7 of 10



smectite,talc,vermiculaite and mixtures thereof. Exemplary smectite clay include bentonite, beidellite,
hectorite, montmorillonite, saponite, stevensite, and mixtures thereof. The process may further
comprise a step for removing of the clay particles from the reactant solution mixture. The removed clay
particles mayvya)eﬂ) %{H%j to substantially remove extraneous water therefrom. In one embodiment,
the drying is carried out at a temperature of 10 about 250 degree C for abourt 8 U 008G e 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=claytparticlesafanges fremrabowt 20tem toakR0 rinmitS-BrekDescliptier Of
Drawings The accompanying drawings illustrate a disclosed embodiment and serve to explain the
principles of the disgased embasdirtenttieis sy undarstosls, hdvweem 20¢hat theidiahings are
designed for purposes of illustration only, and not as a definition of the limits of the invention. Fig. 1 is
a schematic diagfaf &P process BPRIKIAG ot #E FdeR tantSRPRIFN-& reactdrit Eolitioremixtdecand a

25 microwave oven for irradiating microwaves for co-
mixtures theéreof.

5 The process may furthér comprise a step for removing
of the ciay particles f£rom the reactant solution mixture.
The remocved Clay particles may ‘then e dried to
substantially remove extraneous water therefromm In -one
embodiment, the drying is carried cut at a temperatufe of
10 about 250 degree T for about 8 hours.

The particle size of the clay particles may be in‘the
nanc-meter range to the micrometer range. In onse
-embodiment, the mean size of the c<¢lay particles ranges
from about 20 nm to 120 nm. |

15
Brief Description Of Drawings

The accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the
disclosed embodiment. it is to be understood, however,

20  that the drawings are designed for DUrposes of
illustration only, and not as a definition of the limits

of the invention.

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

25 microwave oven for irradiating microwaves  for co-

11



WO 2008/115150PCUSG20081000080 precipitation of synthetic clay particles from the reactant
solution mixture therein. Fig. 2 is a process flow chart for synthesizing clay particles. 5Fig. 3 is an
X-ray diffraction pattern of the experimental sample obtained in Example 2 in comparison with
Laponite(r) (%Htg E{/ll%{’:t Pares, Inc., Texas). Fig, 4 is an X-ray diffraction pattern of the
experimental samﬁfe 0 ta}lgned in Example 3 in comparison 10 with LapoeSP@% g?WWSVParticles,
Inc.., Texas). Fig. 5 is an X-ray diffraction pattern of the experimental sample obtained in Example

4 in comparison with:kaperiteQ (Southern GlayBasticles, Ing.alexasdrtic1E6. 6 is-ap X-raye
diffraction pattern of the 15 experimental sample obtained in Example 5 in, comparison with
Laponite(r) (SoutheracClayPawdities] dac.nTexask Batailed:Disclosure of Embodiments Referring to
Fig. 1 there are shown two tanks (10,20) 20 with mixers (12,22) respectively disposed therein for

mixing the solutions resg%%t[veg/ g@tg{ingggg@g&l’?ﬂ. dank 10 contains a 'Q%ﬂ}%@'st S%ilfitifnczvi'hi\%h IS
mixed homogeneously therein by means of the mixer 12. Simultaneously,”a metal silicate so?u ion is
homogeneously particies. '

5 Fig. 3 is an X-ray diffraction pattern of the
experimental sample obtained in Example 2 in comparison

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

Fig. 4 is an ¥-ray diffraction pattern of the
experimental sample obtained in Example 3 in comparison

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

Fig, 5 is an X-ray diffraction pattern of the
experimental sample ‘obtained in Example 4 in comparison

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

Fig. © 1is an X-ray diffraction pattern of the
15  experimental sample obtained in Example 3 ‘inl comparisoen.

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

Detailed Disclosure of Embodiments
'Referring to Fig. 1 there are shown two tanks (10,20)
20 - with  mixers (12,22) respectively dispesed therein for
mixing the soiutions respectively contained therein. Tank
10 contains a metal salt solution which is mixed
homogeneously therein by méans ~of  the  mixer 1z.

Simultanecusly, a metal silicate solution is homogeneously

1z



WO 2008/115150PCUSGMMAMMMO mixed in tank 20 by means of the mixer 22. The metal salt
solution stream 14 and metal silicate solution stream 24 respectively obtained from the two tanks
(10,20) are pumped into the reaction tank 30 using the respective 5 pumps (16,26) as shown. The

reaction tank3@ sQEprises a mixer 32 to enable homogeneous mixing of thefeactants, phtained from
the metal salt solution stream 14 and the metal silicate solution stream 24. The reaction tank 30 also

comprises 10 an alkaline feed stream 34 which allows the addition of an alkali such as sodium
hydroxide to the Bdkeidnigontainkd 2therainntiereby faising the pektoZalkalifehéomtitiens. sa1tThe
reactant solution mixture hence obtained from the reaction tank 30 is pumped via a pump 56 through a
stream 15 54 int6@itahkB2. Fhé¢ark 32 is3Rad@eta natérial 1ads aBieb Withstardficrétave
radiation without undergoing any physical or chemical changes. The tank 52 is contained within a

microwave oven A0SR ¥ Al rAdidtiSPddfee f6F PRtiatiit midBRaved s heal tpth8 20 fddttant

solution mixture contained in the tatnqk 52. lhe microw veé)q(enudécw_)L compt[rgjgs a V\éall 42 that is
impermeable to t%%%%%?ati&r%?micro’?/vaﬁgsaﬁwaﬁoanre p”r%lauce heréin. *Phe tank é?c%’r?t%rn%ﬁﬁ the

reactant soltgionprg%é%re (t_ng[ej'%)is B'@?Sg Oi{}},;ne controlled 2_5 environment 44 of the microwave oven
40, and exposed to the microwave radiation generated therein. The microwave WO

2008/115150PCT/SG20A%/0QQA81L radiation.in{he copiralled anvironment 44is a-mICLOWaYe field
emitted at a frequency of about 0.3 GHz to 300 GHz with a power of 30 W to 180 kW. -

homogeneous mixing of the reactants obtained  from the
metal “salt solution stream 14 and the metal silicate
solution sﬁream 24. The reaction tank 30 also comprises
10 an alkaline feed stﬁeém_34 which éllowé the addition of an
alkali such és sodium hydroxide to the solution contained.

therein, thereby raising the pH to alkaline conditions.
The reactant solufion'mikture h@ncg cbtained from the
reaction tank 30 is pumped via a pumé 56 through a stream
15 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 #adiating microwaves 1o heat up the

20 reactant solution mixture contained in.the fank 52.

| The microwave oven 40 cdmprises a wall 42 that is
impermeable to the radiation or microwaves that are
produced theréin. The tank 52 containing the reactant
solution mixture therein is placed in the controlled
25 environment 44 of the microwave oven 40, and exposed to

the microwave . radiation generated therein. The microwave

13



The energy released by the microwave field initiates 5 and promotes a chemical reaction between the
reactants in the reactant solution mixture contained in the tank 52. This results in the co-precipitation
of the synthetic clay particles from the reactant solution mixture. The mixture of synthetic clay particles

and solvent hgpos@ptaingd 10 therein then passes through the product mixture sfream 36 into a filter
tank 38. The product mixture is washed and filtered in the tank 38 to obtain a filtrate 46, that is, the

solvent, and a residue 48, that is, the synthetic clay 15 particles. Fig. 2 shows a process flow
diagram for the syathesis ensyrithétitecl@ppaniiesdhemyatrsiepiocéss denerally comiprises the
step of mixing 50 the reactants (metal salt and metal silicate solutions) to form a 20 reactant solution
mixture under thé tBhditiSRH-of BAalefing pfi TReSRaEtaRE s mixtdreG8 thérPplaeéd ffia
microwave oven to allow for co-precipitating 60 of the synthetic clay particles from the reactant solution
mixture. Washind and fiiteriRg®70 Steps fulth&Fprod@s&E 25 product mixture hence obtained from the
co-precipitation 60 step,..The filtered product is then put for drying 80 WO 2008/115150PCT/S6200
/0000 0 at 250 degreeSTk?@ur?}b?l%%ysy% Ee?ﬁ:scﬁay E&m&ﬁ%g in%é“ %%%?aﬁiaﬁﬁ %?_Jléé StBte-arathen

obtained. 5 and promotes a chemical reaction between the reactants in

the reactant solution mixture contained in the tank 52.
This results in the co-precipitation of the synthetic,clay‘K.
particles from the reactant solution mixture. The mixtﬁre
of synthetic clay particles and solvent hence obtained

10 therein then passes through the product'mixture'stream 36
into a filter tank 38.

The product mixture is washed .and 'filte%ed in the
filter tank 38 to obtain a filtrate 46, that is, the
solvent, and a residue 48, that is, the sygthetic clay

15 particles.

Fig. 2 shows a.process flow diagram for the synthesis
of synthetic clay particles. The synthesis précess
generally comprises the step of mixing 50 fhe reactanﬁs
(metal salt 'and,_metal silicate soclutiens) to form a

2Q reactant solution mixture under the condition of an
alkaline pH. The reactant solution mixture is then placed
in a microwave oven to zllow for co—praéipitating 60 of
the synthetic clay particles from the reactanf soluticn
mixture. Washing and filtering 70 steps further process &
25 product mixture hence obtained from the co-precipitation

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



Examples 5A non-limiting example of the invention will be further described, which should not be
construed as in any way limiting the scope of the invention. Example 1 10A first tank was loaded with
69 g of magnesium chloride (99% purity), 2.12 g of lithium chloride (99% purity) and 500 ml of water.

The 88gm Salgian,ef segdium Silicate (299 Si20 and 8.9g Na20 per 100gm,).is dilyted,in 500m1 of
water. The reaction solutions are respectively 15 homogenously mixed in the first and second tanks

before being transferred into a reaction tank over a period of 30 minutes with constant stirring. 0.11 M
sodium hydroxidéis therladdegdesp-wWise 10 ¥aisk theqH: 8f the réuctandt selptibhemixturedhae
reaction tank to 9.5. The 20 reactant solution mixture in the reaction tank is agitated for 30 minutes.
The reaction taniPREorftam@d Within S hiicrdWalalove P aPcivér @5 fo 1060 \WhEmithng -
microwave radiation at a frequency of 2.45 GHz for 30 minutes. The product mixture is washed with
water and 25 filtered. The filtered product is dried at 250 C for 8. hour. Analysis of the precipitate
indicated that the WO 2008/115150PCT/SG2008/&0008%grecipitate particles were synthetic clay and
had an average particle size of about 30 nm. This indicates that mictowave heating without any

convectionakheating is g vighle megns Pyyvhich fg.syathesize day Parigles B on wit1l e
further descxibed; which should not be construed as in any

way limiting the scope of the invention.

Example 1
10 A first tenk was loaded with 69 g of magnesium
chloride (99% purity), 2.12 g of lithium chloride (99%
purity).andVSOO ml of water. The 88gm Scluticn of Sedium
Silicate (2%g S5i;0 and 8.%g Nzp,0 per 100gm) is diluted in
500ml of wéter, ‘The reaction soluﬁions are respectively
15  homogenously mixed in the first énd second tanks.befoxe
being transferred into-a reaction tank ovér a period of 30
minutes with constant stirriné. © 0.11 M sodium hydroxide
is then added drop-wise to raise the'pH of the reactant
solution mixture in the reaction tank to 9.5. The
20 reactant soiutéon_mixtare in the reaction tank is agitated
fer 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
25 filtered. The filtered product is dried at 250 °C for 8

hours. Analysis of the precipitate indicated that the
15



Example 2 A first tank was loaded with 49.94 g of magnesium chloride (99% purity), 4.45 g of
lithium chloride (99% purity) and 900 ml of water. The 166gm Solution of Sodium 10 Silicate (29g Si20
and 8.9g Na20 per 100gm) is diluted in 900m1 of water. The reaction solutions are respectively
homogenously gnixsd {8;the first and second tanks before being transferreq, it a teagtion tank over a
period of 30 minutes with constant stirring. 0.11 M sodium hydroxide 15 is then added drop-wise to
raise the pH of the reactant solution mixture in the reaction tank to 9.5. The reaction tank is contained
within a microwa¥& 8v&R et & pAReeTiF-t5000 W Dpefatifi with @ fréd@encyrot2. 452GHZAThe
reaction tank is then subjected to microwave radiation 20 at a power .of 1100 W for 10 minutes
followed by at a FOWEPGE3EE W 16150 MiriiteS ITREPFSAUEY nitkture ISAWEsHEWIVIth W ste i filtered.
The filtered product is dried at 250 C for 8 hours. Fig. 3 shows the X-ray diffraction pattern of the 25
experimental produst(PiBiBd 852 T67) bhthRBE in?é@or%%‘ﬁ%@%ﬁg ‘exp&fmetial protécol
described above v,\é_v ggogélaw1%0P%£/S&2%008/00%%%% in. %omgﬁgson \évét .a orspmercially available
product, Laponiteg (Southern %ﬁay %artlclfes, Inc., TEkaS (Tébéﬁe asstandar 3 As shown in Fig. 3,
the X-ray difffaction pattern of the experimental product obtained-is similar to 5 that of Laponite(r).
Accordingly, it has been shown that the three dimensional atomic structure of the experimental product
(synthetic clay particles) obtained in accordance withutheydiselosure herein is comparable to
commercially available products. 10

' A first tank was loaded with 49.84 g of magnesium

chloride..(99% purity), 4.45 g of lithium chloride (99%
purity) and 500 ml of water. The 166gm Sclution of Sodium
10 silicate (299 Si,0 and 8.5g Nas0 per 100gm) is diluted in
800ml of water. The reéction golutions are respectively
homogenecously mixed in the first and second tanks befcre
being transferred into a reaction tank over a perio&'of 390
minutés with constant stirring. 0.11 M sodium hydroxider
15 is then -added dropmwise to raise the pil of the reactant
solution .migtuxe in the reaction tank to &.5. The
reaction tank is contained within a microwave oven with a
power up to 5000 W operating with a freguency of 2.43 GHz.
The reaction tank is then subjected to.microwav@ radiation
20 at a power of 1100 W for 10 minutes followed by at a power
of 330 W fbx 50 minutes. The produ;t mixture is washed
with water and filtered. The filtered preoduct is dried at
250 °C for 8 hours.
Fig. 3 shows the X-ray diffraction pattern of the
25 experimental product (labeled as “sample7"”) obtained in

accordance with the experimental protocol described above
16



Example 3 The experiment is repeated in accordance with the steps in Example 2 up to the step of
adjustment of the pH of the reactant solution mixture in the reaction tank to 15 9.5. In this Example, the
reaction tank is then subjected to microwave radiation at a power of 3800 W for 10 minutes followed

by at a powegRf 14903 MYfor 30 minutes. The product mixture is washed le%w%[}@r})g{;dg{?red The
filtered product is dried at 250 C for 8 hours. 20Fig. 4 shows the X-ray diffraction pattern of the

experimental product (labeled as "Wim-T30") obtained in accordance with the experimental protocol
described aboveiif coffparisohswith awsommetcialfycavsiabie pioduct taiponite® (SputhitraGlay
Particles, Inc., Texas) (labeled 25 as "standardl"). As shown in Fig. 4, the X-ray diffraction WO
2008/115150P CHERSPOGEBD00GE0 BRa st LapsHitetRnee6rditgly, ifFas bé&wr 3Rown théthed

three-dimensional atgmicucture of the experimental _
as “standardl®). As shown in Fig. 3, the X-ray dlffxactlon

pattern of the experimental product obtained is similar to

5 that of Laponite®. Accordingly, it has been shown that
the three dimensional atomic strﬁcture of the experimental
product (synthetic clay particles) obtained in accordance
wiﬁh the disclosure herein is com?arable to commercially
available.products.

10

- Example 3
~ The experiment 1is repeated in accordance with the
steps in Example 2 up to the step of édjustment of the pH
of the reactant solution mixture in the reaction tank to

15 8.5. In this Example, the reaction tank is then subjected
to microwave radiation at a power of 3800 W for 10 minutes
follo#ed. by at a power of 1100 W fﬁr 30 minutes. The

~ product mixture is washed with water and filtere&. The
filtered product ls dried at 250 °C for B hours.

20 Fig. 4 shows the X-~ray diffraction pattern of the
experimental product (labeled as “Wim-T30”) obtained in
accordance with the experimental prbtocol described above
in comparison with & commercially available product,
Laponite® (Southern Clay Particles, Inc., Texas) (labeled

25 as “standardl”). As shown in Fig. 4, the X-ray diffraction

pattern of the experimental product obtained is similar to
17



product (synthetic clay particles) obtained in accordance with the disclosure herein is comparable to
commercially 5 available products. e4 The experiment is repeated in accordance with the steps in
Example 2 UP to the step of adjustment of the pH 10 of the reactant solution mixture in the reaction
tank to 9.5. IR:thisyRRRIRIE, the reaction tank is then subjected to microwaygefadiation aha power of
1100 W for 10 minutes followed by at a power of BOO W for 4 minutes. The product mixture is washed
with water and filtered. The filtered product is dried at 250 C for 8 hours. Fig. 5 shows the X-ray
diffraction patterr-6fthe €kpédpentdigfoduct(aneldd a8 1k T Cvakd 81391 chitaied imat
accordance with the experimental protocol described above in comparison- with a commercially 20
available product-RapbhiteE) (SRAEHY Ty PARATRIES, i UFSHS (Rbeldiras sraidaantfas
shown in Fig. 5, the X-ray diffraction pattern_of the experimental product obtained is similar to that of
Laponitee. Accor@?ﬁ%ﬁ%ha@%@ %g%ﬁvn%ﬁ%’ thBifree diffehsitRafatoffic SHudtfe2s Bk e
experimental prodljlu%ta(sxélrllltgetgp. 93}/ é)sagtrigle@ego 20985/115%505‘%@}5/?&2908/000080 obtﬁined in
accordance with fhe disc osure herem is comparat])“l% to corﬁ:r%e?uaﬁy ava_iIaBIe %?g'g}l?&%.l &'55The
experiment is repgated %@gc'%rg%ggt\gigh the steps in Example 2 up to the step of adjustment 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 a power of 3800 W for 10 minutes

Bxample 4

The experiment is repeated in accordance with thé

steps in Example 2 up to the step of adjustment of the pH

10  of the reactant solution mixture in the r@acfion tank to
9.5. 1In this Example, the reaction tank is then subjected

fto microwave_radiation at a power of 1100 W fér 10 minutes
followed by at a power of 800 W for 4 minutes. The ﬁroduct

mixture 1s washed with water and filtered. The filtered

[
i

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

Fig. b5 showé the X-ray diffraction pattern of the
expérimental product {(lakeled s “wkl_lTlOkaMBTSO”}
obtained in accordance with the experimentél _protbcol
describedA. above in comparison with a commercially
20 aﬁaiiable product, Lapeonite® (Southern Clay Particles,
inc., Texas) (lab@led as “standardl”). As shown in Fig. 5,
the ¥-ray diffraction pattern of the experiﬁental product
chbtained is similar teo that of Laponite®. Accordingly, it
nas beén shown that the three dimensional atomic structure

25 o0f the experimental product (éynthetic' clay particles)



10 followed by at a power of 1100 W for 16 minutes. The product mixture is washed with water and
filtered. The filtered product is dried at 250 C for 8 hours. Fig. 6 shows the X-ray diffraction pattern
of the experimental product (labeled as "wk3800T10wk1100T16") 15 obtained in accordance with the

experimentakpsotneeldescribed above in comparison with a commercially gvailable product,
LaponiteO (Southern Clay Particles, Inc., Texas) (labeled as "standard1"). As shown in Fig. 6, the

X-ray diffraction pattern of the experimental product 20 obtained is similar to that of Laponitee.
Accordingly, it hasli@emsbowhthat thieothiea dimemsiohal dtbmic Siraciure of ¢the brperimental product
(synthetic clay particles) obtained in accordance with the diSclosure herein is comparable to
commercially av&itiEié prddiicts 25 Wy 2008/411 81 50RE TG 20080000811 Applications 1t will
be appreciated that the disclosed process is a continuous process. It will be appreciated that the
disclosed process does not involve the use of high pressure or high temperature. This effectively
reduces capital and operating costs. It will be appéeciateld thgt the disclosed process produces
synthetic clay particles of uniform size, shape 10 aﬁﬁﬁ‘n&%meposition. IL will be appreciated that the

disclosed prgcess requirgs Ieg&%re@eﬂ%ﬂod%tlog %‘D%hﬁt%@thfgc %I%éé ga&té(g)%% TQl&lg p(%%%ble due
to the use of a radiation source instead of conventional heating methods for the co-

steps in Example 2 up to the step of adjustment of the pH

cf the reactant soluticon mizxture in the reaction tank to

9.5. In this Example, the reaction tank is then subjected

to microwave radiation at a power of 3800 W for 10 minutés

10 followed by at a power of 1100 W for 16 minutes. The
product mixture is washed with water and filtered.  The
‘filtexed product is dried at 250 °C for 8 hours.

| ¥Fig. 6 shows the X-ray diffréction ‘pattern of the
experimental product {labeled 'as “wk3800T10wk1100T16")

15 ecbtained in accordance with the experimental protoccl
described above in cqmparison with a 'commeicially
available product, Laponite® (Southern <Clay Particles,
Inc.,  Texas) (labeled. as “sfandardl”).'ks shown in Fig. 6;
the ¥-ray diffraction pattérn of the experimental-product

206 chtained is similar o théﬁ_of Lapenite@. Accordingly, it
has been shown that the three dimensiénal‘atomic structure
of the experimental product (synthetic clay particles)
obtained in accordance with the disclosure herein is
comparable to commercially available products.

25
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15 precipitation of the synthetic clay particles. It will be appreciated that the disclosed process
produces synthetic clay particles that are in a substantially pure state. Furthermore, the disclosed
process does not require complicated purifying steps to 20 obtain pure synthetic clay particles. It will
be appreciatggfhajipa digclosed process produces synthetic clay particles that havesgyaral
commercial applications. The synthetic clay particles can be used as or in the manufacturing of a
rheology modifier 25 in aqueous solution, a film forming agent, a catalyst or base for catalyst,
nanocomposites or energy storage - WO 2008/ FEss56FT¥882008/000080

nanocomposites,opticelectronics,photovoltaicand organic light emitting diodes, and sensors such as
hunudﬂysenson;ormog%n§§%l be appreciated that the disciosed pDrocess is

a continuous process.
It will be appreCiated that the disclosed process

does not invoelve the use of high pressure or high

92

temperature. This effectively reduces capital and
operating costs. |

It will be..appreciated that the disclosed process
produces synihétic clay particles of uniform size,. shape

10 émd éompositiono

It will be appreciated that the discloéed, process
reguires less time for preoduction of the synthefic clay
particles. 7This is possible due to tﬁ@ use of a radiation
source instead of conventiénal heating metheds for the co-

15 precipitation of the‘synthetic clay particles.

Tt will Dbe appreciated that the &isclosed process
prdduces sYntﬁetic clay paréiclés that are in a.
substantially pure state. Furtbermore; . the disclosed
process does not reguire complicated purifying steps to

20  obtain pure synthetic clay particles.

It will be appreciated that the disclosed process
produces synthetic c¢lay particles that have several
commercial applications. fhe synthetic clay particies can
be used as or in the manufacturing of a rheology modifier

25 in aqueous solution, a film forming agent, a catalyst or

base for catalyst, nanocomposites or energy storage

20



It will be apparent that various other modifications 5 and adaptations of the invention will be apparent
to the person skilled in the art after reading the foregoing disclosure without departing from the spirit
and scope of the invention and it is intended that all such modifications and adaptations come within

the scope of Ws &%ﬁﬂ&?@ded claims. Claims A process for synthesizing.c articles comprising
the step of heating a reactant solution mixture of metal salt and a metal sm%%irég%’}éuﬁ‘éf Aation

source under 5 conditions to form said clay particles. 2. A process according to claim 1 comprising the
step of selecting Baitbretalcsilidate fromdbé Hroup eorsistimgdflithiumsiicate;sodioasiicate 0
potassiumsilicate,be ylliumsilicate,magnesium silicate and calcium silicate. 3. A process according to
claim 1 comprisifif @idfgFa mbldaréxcess bt Ml st pslativexitfsaid Mictar 5 sakeshid reactant

solution mixture. o ‘
humidity sensors or biosensors.

It will be apparent that various other modifications

5 aﬁd adaptations of the inventicn will be apparent to the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of

'thé invention | and it is intended that all sﬁch
modifications and adaptations cone wiﬁhin the scope of the

10 appended claims.
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4. A process according to claim 1 wherein said radiation source is a microwave radiation source. 20
5.A process according to claim 4, comprising 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
25 of applyinmﬁyigggyyaves With_a_ frequency is in the range Qf O._3 GHZPE’F%?}%G%%B 7.A _
process according to claim 4, comprising the step of applying said microwaves tor a period of time in
the range of 20 minutes to 2 hours. 5 8.A process according to claim 1 wherein said heatlng
|sundertakenunderasubstantlalIyalkalmepH canafFbpims

1. A process for synthesizing clay particles Pomprwslﬂg
the step of hsating a reactant solution mixture of metal
salt and a metal silicate using & radiation source under

5 conditions to form said clay particles.

Z. . A process according to claim 1 comprising the_step
of sélectin§ gaid metal silicate ‘from the - group
consisting of lithium silicate, sodium silicate,
10 potassium _ silicate, beryllium ,siiicatef magnesium

silicate and calcium silicate.

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

15 salt said reactant solution mixture.

4. A process according to c¢laim 1 wherein said

radiation source i1s a microwave radiation source.

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

W te 180 KW or 30 W to 1200 W.

6. A process acceording to claim 4, comprising the step
25 of applying said microwaves with a freguency is in the

range of 0.3 GHz to 300 GHz.
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9. A process according to claim 8 wherein said pH is in 10the range of at least 8.5. 10. A process
according to claim 9 wherein said pH is in the range of 9 to 10. 15 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 20 said metal salt is

a multivalent metaj, salt-slutian. ,13..A-progess aceording to claimdwherein,said metal.of said metal
salt is selected from the group consisting of alkali metals, alkaline earth metals, a metals of group 25

A, VIIB aflﬁfVlé(!Fﬁlf;}E‘%cﬁ’ edgdic Table-efElements, - 14. A BROCESS agcording to; ¢laig}, 13 wherein
said metal of said metal salt is selected from the group consisting of sodium, potassium,lithium,

magnesiumycaleiums; aluminivmqiren; and manganese. 15. A process according to claim 13 wherein
said anion of said metal salt is a halide. 10 16. A process according to claim 13 wherein saici anion of

said metal salt is at least one of chloride and fluoride anions. 17. A process according to claim 1
wherein said metal
5 g. A process according to claim 1 wherein said heating

is undertaken under a substantially alkaline pH

condition,

9. A process according to claim 8 wherein said pH i1s in

10 the range of at least £.5.

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

the range of 9 fo 10.

15 11. A process according to claim 8 comprising the step
of adding a metal hvdroxide solution to said reactant

mixture to obtain said alkaline pH condition.

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

20 sald metal salt 1s a multi-valent metal salt solution.

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

25 IIIA, VIIB and VIIIB of the Periodic Table of Elements.
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15 salt and said source of silicates are selected to synthesize the clay particles selected from the
group consisting of chryolite, chlinochlore, kaol nite, nontronite,paragonite,phlogopite,pyrophyllite,
smectite, talc, vermiculaite and mixtures thereof. 20 18. A process according to claim 17 wherein said

smecti_te clay%%lﬁ%gq%fgo_m the group consisting of bentonite,beidellite,hgﬁ&%i‘&%b%%%r&%rillonite,
saponite, stevensite, and mixtures thereof. 25 19. A process according to claim I comprising the step
of removing said clay particles from said reactant solution. 5 20. A process according to claim 19
comprising the step of drying said removed clay particles to substantially remove extraneous water
therefrom. 21. A process according to claim 19 wherein said drying 10 step is carried out at a
temperature of 4bouf250rdEgree G K prutesPacedrdifg fodclaie 19 iwheraihdsaltedring step is

carried out for about 8 hours. 15 .
of said metal salt is selected from the group consisting

of  sodium, potassium, lithium, magnesium, calcium,

5 aluminium, iron, and manganese.

15. A process according to claim 13 wherein said anion

of said metal salt is a halide.

10 16. A process according to claim 13 wherein said anion
of said metal salt is at least one of chleoride and

fiuoride anions.

17. A process according to claim 1 wherein said metal
15 salt and said source of silicates are selected to
Sfﬁtbééize. the clay particles selected from the group
consisting of chryolite, chlincchlore, kacolinite,
nontronite, paragonite, phlogopite,’ pyrgéhyllite,

smectite, talc, vermiculaite and mixtures thereof.

20
18. 2 procesgs according to claim 17 wherein said
smectite ciay is selected from the group consistiﬁg of
bentonite, beidellite, | hectorite, montmorillonite,
‘saponite, stevensite, and migtures thereof.

25
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23. A process according to claim 1, wherein the particle size of said clay particles is in the nano-meter
range to the micrometer range. 20 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.

19. A process according to claim 1 comprising the step

of removing said clay particles <from said reactant

solution.
5 20. A process according to claim 1% comprising the step
of drying said removed c¢lay particles to substantiaily

remove extraneous water therefrom.

21. A process according to c¢laim 19 wherein said drying
10 step is carried out at a temperature of  about

250 degree C.

22, A process according to claim 19 wherein sald drying

step is carried out for about 8 hours.

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

the micrometer range.

20 24. A process according to «claim 23, wherein saild

particle size of said clay particles is in the range of

40 nm to 120 nm.

25



