PROCESS FOR MAKI NG NANO- SI ZED AND M CRO- SI ZED
PRECI PI TATE PARTI CLES Techni cal Field 5The present
invention generally relates to a nethod of preparing
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particles and netal oxide particles, and in:
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alteration, mainly particle growth, or even in destruction of

the particle morphology. Further disadvantages of aqueous
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Typi cal |y, hydrothermal synthesis is conducted with a
batch type apparatus. An aqueous solution is heated
up to 15 373-673 K and then aged for several hours or
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cOnpr|S|n the steps o )
BasSn (Cz04)2-1/2H20, CaZrO(Cﬂh) 4H,0, BaTiO(Cy04)-2H,0) through
rea@tive precipitation, followed by calcination to form nano-
sized oxidated particles. However this wmethod could not
synthesize oxidated nano-sized particles directly.

Another method provides carrying out a gas—liguid

'reaction in a rctating packed bed reactor to produce nano-

sized zinc sulfide particles . The reaction, however, uses
2



mxing, in a reaction zone at a high gravity level, a
nmetal salt solution with a precipitant :solution to
forma precipitate, said precipitate being at |east
one of a netal.chal cogeni de, netal hydroxi de and
met al oxi de; appl ying a shear force
to said mxing solutions in said reaction zone during
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steps of; Lt _solution wth a _
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_ 51sem;ﬁ&unulc§e+EMMednpafmipuehﬂaupamn1ckﬂsd the prapp yrwgprasing
th@hﬁ%& Qfce to said solutions in said reaction zone
~at a high gravity |level during said . mxing step,
wher Bi¥iami dighearrekorden apdng hat cendiighogsawitshi n
Bled, 1 GACKLR01 2000 f 008} Saldh Nang; SLZed RLel oy
chal cogenide particles in said reacti ZOne.
%U’él@buﬁph aepect, EM@H@‘CBF ovieddd mrepriptess: of
SBKL NGeN308sEl 26 We M CROES] zeﬁal@ég@hlsba' goagni de
parficles conprising the steps of: ing a neta
I‘E}’QFPY% @nido retaft il or @Bfpi t ant sol ut| on Corrprl si ng
S35y 193€ 20t nal PRYEce S8 %@amm& %'o',LHHéHE
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Bb¥END SIeD, sNber ebdrsai thehedl bR Lhgin
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agei ng sai d nano-si zed net.al chalcogenlde particles.
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pgfﬁhdyaggmhéedpaffiﬂﬂﬂiﬁn In a fifth aspect, there
I's provided a process of nano-sjzed netal oxide

parltﬂl 2| %%Coééniﬁﬂ%antfleﬁ% JSS‘t €ng(ﬁ5d a process of maklng micro-—
. sized prec:.pltate particles, the process comprising the steps of:
_ rwmiXing, in a reaction zone at a high gravity '
level, a metal salt solution with a précipj;tant
~ solution to. form 2 precipi.tate,r said pre;ipii_:ate_
being at least one of a metél‘chalcogenide, metal
hydroxide and metal c;xide;' _
applying a shear  force to 'said mixing
solutions in said réactiqn zone during said mixing
step, wherein said shear force and the conditions
within said reaction zome - form nanc-sized
precipitate particles having a narrow particle.
size digtribution in said reaction zone; and
ageing said neanc-sized precipitate particles

undar conditions to form micre-sized particlies.



mxing a netal salt solution with an oxygen
cont ai ni ng base; aQplying a shear force to said
solutions in Said reaction zone at a high gravity -
| evel during said mxing step, wherein said ahear
f or & afdirheseendi tHhens Wi PRPTEISE| Y Areaet 6h Y@y nanc-

sifQf MepanQnsi 2edn et Aaroxide pafirkelRs chawtags amar r ow
particle size distribution in said reaction zone. In

a si mikingpeastaher@d i SOPPBAUEATR HrRIGELIGHOT
M‘ﬁ%éh?eéoﬁﬁr{%ﬂ@- shzedigpial oxi despardiighes,
conprising the steps of: mxing a 'netal salt
sdlegibprand tiellarioRyged? containing base; applying a
shear E’P%ﬁ% t9 said SokytiOnss i Basdi doleacdisonigone
at a ng ‘gravity level "during said mxrng step,
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 sHang- shzed precipidate: Rarkicles imnderdcardictions to

- formlarger 'nano---sized particles or mcro-sized.

' 2fBPticles- In a seventh aspect, there is provided a
nanor si zeshrpheekpédtat echpaet iiel erowidedi n tHecrsocEs graking
as el ned h0YSs; A e IBLNBSDRGL, JhREIAeLS conprising

nano—51ze(§l . : ;

provi‘ded a m cCro-si ze precipitate partlcle made I n
thet Reensr 0€ess as defined above. In a ninth aspect,

theeesls prouided g syshem il ek 80pA0Gs cgheed of

m cro-sized precipitate particles, the system
s@onpprhsi wgmprising at least —one of  sulphur,
selenium and tellurium; _

' 'applying a shear force to said solutions in said
_reaction zZone at a high "grav.jlty _it:avél during said
4mi‘>_cing Step, wherein "s_'aid shear force and the
‘conditions within said reactiom zone form nano-sized
metal chalcogenide particles havi-ﬁg a narrow particle
size distribution in said reaction zone; and

ageing said nano-sized metal cha‘l_cogeriideparticles
under conf:iiﬁions . o form larger sizec_i_ metal

chal togenide particles:.

In a2 fifth aspeét, there is provided a pfocess of nano~sized
métal oxide particles comprising the steps cf:
. mixing a metal salt solution with an ‘oxXygen—
contain.ing base; '
applying a shear force to said solutions in
said reactién zone a2t a high gravity level during
said mixizﬁg step, wherein said shear force and the
conditions within said reaction 20ne form nano-
sizéd metzl oxide particles having =a narrow

particle size distributicn in said reaction zone.
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a reactor having a mixture of a netal salt solution
and -a precipitant solution which react to forma
precipitate, said precipitate being at |least one O a
net al chal cogeni de, netal thydroxide and netal oxide;
and an agitator for agitating said mxture in eaid .
reactor to apply a shear force at a high gra}/iltmy o-sized
_ | évet toctdaipdPefit HBesolidt PERS AMd8r PEdndit Pons™ T o
or mi QoM NAROnstZedxMe BhEriR1ss zetppiegigptiatstepartt:cl es
havi ng a nar. arti ¢l essinzeodli 8t fhbahi @Rtygdm- a
tenth zi?pe%t Fn%}yﬁgregailg: provi ded a reactor f%r- maki ng
conamorigiz&dg3reci pitate particles, the reactor
CO%& 9% 2 8RGL OfbZAnecsoBhRd NsbPuaions Xinr e of
a 6%1 sdlt solution and a preci gi ant 1s*ol ution
saphi chareber eonfort & predl piiaaresy J&ra prittpitate
<aP8 NG, Al | east, opseplip spialstehal cogeai ded nmd al
oM AIOXIde i sa 8 AGILALAN 598 A alidgsSald
mxture in said reaction zone to-apply a shear. force
pratipi titgh rgraiciys| beEing o2 sBF e I G LS6F ubt BRS
.under .condi.tions.to form napo-si;zed precipitate
dlﬁgﬁeﬁ’%‘ilé’é? ﬁgvf’%%d RO %@?“%_i e si ze distribution,
Accagadingg toid frarst-séapddirmasipithem iPRIBEEYREed a
rocesSs,.of making 07 S| Ny |Z8dc1os
oo R I e Bar b AP aE T r e o abces A TS Lot e
orshepo-ghizedi géngijcigs.a reacti on zone,'a netal salt
solution with a precipitant solution to forma :
preci pitate, said . precipitate being at |east, one
of .2 netal.ghal cegpaide, waetal hydraxidedand mekad-sized
oxi-de; and .
precipitate particle made in the process as defined above. :

In an eiéhth aspect, there 1is provided a micro-sized’

precipitate particle made in the process as defined abovef

-In a niath aspebt, there is provided a system for making nano-—

sized or micro-sized precipitate particles; the system comprising:
7 a’  reactor having a mixture of a metal salt
solﬁtion'énd'za'preéipitant solution whiéh react to
form a precipitate, éaid'precipitate being at least
one of a métal chalcogenide, metal hydroxide and
mefél oxide; and _ i
an agitator For agitating said mixture in sa;d-
" reactor to - apply & ;heér force at a high gravity
le#el to said mixing solutiops under conditions to '
form hénb—éized or micro-sized precipitate particlgs‘

. having a narrow particle size distribution.

In- a tenth aspect, there is provided a reactor fer making

nano-sized precipitate particles, the reactor comprising:

a reaction zone containing a mixture of a metal
salt scolution and 2 precipiﬁant solution which react
to form a precipitate, said precipitate being at
least oﬁe cf a mefal chaléogEnide, metal hydroxide

and metal oxide; and _ ~3b



.-applying a shear, force to saidm xing solutions in
said reaction zone during said mxing step, wherein
sai d"shear force and the conditions within said
reaction zone form sai d nano-si zed or micro-sized
preci pitate part.icles. .. Advant agepusl y, the .
shear forcé apFriréd®t o 85 céglméxé&gs%%[ffi “r%ufgr?ﬁ% said
nano- skesstioh Mi®io- sbzetbpiyecd pkhatre partd CheS s high
having a rel ativel ' narrow particle size )

di stri BTSSR, teVSladvant £§e6us Yy the THEEAORYr clnder
appl i egoiditsahd foX@d rmohndhbos dopEec B Stdst Akl ds
honobgenous m xture in said reactiqn zone. According
to a SeCoNd BT Memar HhET %5% gf%ﬁl@éﬁlaﬂpr ocess

. of making nano-sized metal of m.cro-sized A
chal cogeni de rticles conprising the st of :

m xi ng a ety ‘%g'é]t? a £t mpadmeRty ‘%erg Ispﬁr%‘@?%sat ant

sol ut i om,darder, € opdich N SndMd>-RhieeR pidrat drareiskdedrecipitate
or mcro-sized netal chal cogenide particles. _

Accor diagitees, t bhe dobpbows RATPrisked &hes SEEBYI 8kd a

process of making neta Ide ;par tighes .copprdsi B9t soluti '
the VO 208%?&%95%%‘5%&%%@80?53 step O mixing o0
a net alithalad medeipionant t kohut oy gem- ot agnipngcbpibate, said
under conditions to forma fr ecipitate corrpritghn
n t

mai nl PPeCHBt et x PEENIARANL BER0uStS, T hE ESTE ‘thalcogenide,

1ons

are syehai hafadQEimd | 9 Gledt exmBd) airei Metal oxi de
species is i'nhibited. According to a fourth, .. C :
enbodi nent 3PRIITG | 8 pHRRATeEPEEDr B e 83 Df MG hgSgtutions in
| east Q¢ S| Al Chaligogeni 4 88€pMelbrein said

' oXi dggggr?%%{g@&t Eé%%etrgﬁ{)%ngohﬁ%rli sing the ,st_%p‘ of r?ln sat
appl yshgan Sheee bodcetho eomditigng ¥itbinaspiddakeaction zone

S TR A0 oL Y RILSOLUE B S g pareicies.
sai d at | eastan®Rredangnsi 286k mhkak thatecgeriliidel awedsaid mixed
netal oxide particles. According to a fifth . - : .
enbodf PEHILONSh e TS prfATEtzed o micro-sized precipitate
particles having a relatively narrow particle size
distribution. ‘ | . - ‘
Advantageously,; the shear force applied to said mixed
solutions forms a substantially homogenous mixture in said
reaction zone.: 7 |
- According to a second embodiment, there is provided a
process of making nano-sized metal or micro-sized
chalcogeni-de particles comprising the steps of:
nmixing a metai -salt. solution with a precipitant
soiution under conditions to precipitate nano-sized or
micro-sized metal chalcogenide particles. -
According to a third embodiment, there is provided a

‘process of making metal oxide particles comprising the
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15 nano-si zed netal chal cogeni de or netal oxide
particle nmade in a nethod conprising the steps of:
mxing a netal salt solution with a precipitant
wol2sdsiiamsunder conditions to form nano-si zedPCT/SG2007/000333
precipitate particles; and 20agei ng said nano-si zed \
preebpl txt eIy clespemster scandi §dlondoho ¥ an  oxygen-
nand-si zed netal "oxi de or netal chal cogeni de
pacentabsindabaate u@@b"ﬂ AN IPnsy & af PFRe @ PreClPltate
Accordl 5'gqrto a 311)1( emgggirrergmgeherqu‘%nt%ra%gbgggy  the
oeERE" ' Hi cf'o-§i zed particles from !
na@@:@itzi&ﬂusZEaﬁ esm¢ht'am£t paprtiel g Qﬁ]euptrm@sbate metal

conprising the ste xing, in a reaction.zon e,
a etdg %’élctle§oilﬁt$%1iﬁlol?lﬂa:$ "a precipitant solution to

forma Drees r(ﬂat'i)aatfgurﬂ?a'hg[idlment tﬂél%‘fé %b{/lﬁ&?a belhngr 250 de

| east dhe. of net al cogeni d net al
amganstssl - ofi deaking 2t gphR3fthg 0éle’shegr Tf‘%ﬁ’%e‘s%zc? metal

| ‘S@hgl@o 'eﬂ%éo' %‘do”%net'&lsa'&ia%aﬁﬁa%lé@eg detheg method
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wherein said shear force and t he
C@l@d}lphfll@ﬁlﬁgwthéll BltS}_aICdf rapaettiong zonbesbr iy R d-0siaz @d xture

%m pi tatg rtl (?6?"3}}16685’3%“}4'\/’& prec3é$1tant sc?lutlon, said

f.orm m cro-sized partjcles._ Accordi ngnto (fvent h
ekBREE WS, RaRGTSiaechrBiakd c431cogenide metal -oxide

partlcles.

~ According to a fifth embodiment, there is provided a
nano- ~sized metal chalcogenlde or metal oxide partlcle made

in a method comprlslng the steps of: :
- mixing a metal 'salt solution with a prec:.p:.tant

solution under condlts_ons to form nano-sized prec:lp:Ltate

particles; and
ageing said nano- 51zed preupltate particles under

“conditions to form nano-sized metal oxide or metal

chalcogenlde particles that are substantially crystall:.ne
Accordmg to a sixth embodiment, there is provnded a

process of "making micro-sized particles from nano-sized

precipitate particles, the process comprlsmg the steps

of:

| mixing, ih a reaction zone, a metal salt solution
with a precipitant solution to form a precipitate, said
precipitate being at least one of a metal chalcogenide,

metal hydroxide and metal oxide;

applying a shear force to said mixing solutions in

said reaction zone during said mixing step, wherein said

shear force and the conditions within s$aid reaction =zone

form nano-sized precipitate particles; and

4
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- said nano-sized metal chalcogenide particles.
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- shear ?Force éﬁ@‘,h _
. zonditeens seb df danonisized ired agpa Halledgeni de

process of maki ng nano-si zed netal chal cogeni de
particles 5 conprising the steps of: m xing a netal
salt solution with a precipitant solution conprising

wétzoo%;/@ﬁ% one of sul phur, sel enium and t el | WdNsG206960333

applying a shear force to said solutions in said 10

reaction.zone duri %gh§g%jpzé'g XhPge St Bt MBERI Nc8as d under
e conditions within said reaction

particles. According to an eighth enbodinment, there

i s pr dviddag o psocedsmbpdirgRi; %@’F?n‘ﬁ proyided 3ed net al

g»*i@lzgggeekd%aﬁ&afdg! ¢l2®-45244 Ofe tell Oclsd Fesharsitcal particles
hal cogeni de particles conprising.the steps of:
worpngsangretlkd sters $dliution with a precipitant

sol uti on. compri singat sLeastsons ieh Skphura eleaipimant
and. t &t UTY um appl ying a shear force to said

sol utienscompsiasiing eatt Lerstzome Ut i Ny R¥witd fiodieRgum and
Stfﬂ’ wherei n said shear force and the conditions

fethi Rt Pt%hacti on zone form nano-si zed net al '

chal cggenjdey part bekes; rende to saidageilmgisaisd in said
nano-si zed netal chal cogeni de particles,25 under. ... .
coReli 19TNEoRe LBFIPE 820 STPET het P c RAICES4Eniqs

According to an eighth’embodiment, there is provided a o
procesé of making micro-sized metalréhalcogenide;particles
from nano-sized metal chél@ogenidé particles - comprising
thé‘steps of: ' |
| mixing a metal salt ‘solution with a precipitant
sélution comprisiﬁg at least one of sulphur, selenium and

tellurium; _
applying a shear force to said sclutions in said
reaction zone during said mixing steb, wherein said shear
force and the conditions within said'reaction zone form
nano-sized metal chalcogenide particles; and
ageing said nano-sized metal chalcogenide particles

‘under conditions to form micro-sized metal chalcogenide

particles.
According to a ninth embodiment, there is provided a

process of nano-sized metal oxide particles comprising the

steps of:
mixing a metal salt solution with an oxygen-
contaihing base; and _
applying a shear force to said solutions in said

reaction zone during said mixing step, wherein said shear
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According to a ninth enbodi ment, there is provided a
process of nano-sized netal oxide particles
conprising the steps of: 30mi xing a netal salt

w%% gﬂi4&|g1vm th an oxygen- contai ning base; afesG2007/000333
appl'yrng a shear force to said solutions in said

reacti on zone duri sai d mxie , i |

SHE%e T 2B LOVIBRLFCH SEIBD" I 560335 Fof £ and e O
condi HiagassWddigr sdigd veeacpeenizbeae. f orm sai d

nano-si zed precipitate particles. In onﬁ enbodi ne th
din e shedinepecdt e HYCESSAGH hEr® doffffif e d utther
%%%g@gséé' da%@;hg; sizzed PheabPLiate RactipiestdiNgRirticles
condifrons t rmcrystalline nano-sized netal oxide .
paritirc| esnditdcoor diteg foram terRYRtEiogi nearo-1inad metal
provi ded_a. pr.ocess-of mcro-sized netal oxide
ﬁéﬁ??c?@gt%%%f?TsLng'thé steps of : 10m xi ng a netal

salt RAUIKhOR ekl AbomikaehercBRwIdalag base,

appl ying a shear- torce, to sajd salutions.in said___.._.
PEAEEF B OforE CRA-ITIG &6ai BERTXi 17605t 65 WHRGFR 1T TR Sing

sheag éég&g%fand the conditions within said reaction
zone ?o m ' -15 sai d nano-si zed netal oxide particles;-
and mixing a metal salt solution ‘Wlth an oxygen-
containing base;

| applying a shear force to said solutions in said

reaction zone during said mixing step, wherein said shear

. force and the conditions within said reaction zone form

said nano-sized metal oxide particles; and '
_ageing said nano-sized metal oxide particles under

conditions to form micro-sized particles.

Definitions

The following words and terms used herein shall have
the meaning indicéted: ‘ ‘ ,

The term “chalcogén" refers to atoms of Group VIB of
the Period Tables of Elements. More particularly, lthe' term
chalcogen includes elements selected from the group
consisting 'of-sulfui:_ (S), selenium (Se), and tellurium
{Te) .

The term "chalcogenide™ refers to a binary or
multinary compound containing at least one chalcogen and
at least one electropositive element or radical.

The term “metal chalcogenide” refers to a

chalcogenide - in which the at least one electropositive

element is a metal cation.
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agei ng sai d nano-si zed netal oxide particles under

conditions to formmcro-sized particles.

20Definiti ons The foll ow ng words and terns
wous®e4psrei n shal | have the neani ng i ndi cat e#CT/5G62007/000333

The term "chal cogen” refers to atons of G oup VIB of

t he Pawl ockdabl'asnofsEted®nts. WMird barticulradkyest o an

term 25 chal cogen i nc¢cl udes el enent | ect f
0 SeorRT St 1F of SLBFT uP S) TE581 et (S and J00m,

gaditliuilemmgTeless than ad&ett oD "ahal aegeni garticularly
refers to a binary or nmultinary conpound contai ni ng
batwesasabelé dharcbgerPant 89 o™ east one

elec&@gpoq&;}ye eﬁnggisfﬁe&@diﬁél-uSed herein, unless
Thet er i net al chal cogeni de" refers to a chal cogeni de

specilfiied, t relateledst aner e exdd oposii¢che 2leeenf bsgtween
a netal cation. 008/ 041951PCT/ SG2007/ 000333
2pRgt M tﬁaﬁEQEF\z/\f@gwﬂ\s used herein relates to an

aver age Ralh ohRtS1zesOft 1 esstdan aboUECAREIINE comprised
particularly | ess than about 200 nm nore | -
ofarati diflastl wrisetaea abvlitadl heRth aBeufFaidon nnfheTABIONS

sy Mo 6RQ- Shgedipas piseth herein, ) egs SReehbiLedsimple
rel ates to an average particle size of between about
(mometomaboutof®0gmech as NaTheaneérhg®,nstdl 8af't" Ca®*, Fe®,

ef er .t 0 as;conpeund, Go jsed of at .l ea i .
o 1 e AR ooy e o setbigtatpoldErBRLep, ions
stlee Bet ailf;cedt, moy’he seiihentsilmpalse Emenatonhe) chbhsns in
such ‘as_Nat, and Agt, Cut, Zn2+, Ca2+, Fe2+, Cu2t
tpe3petedasally 35, 2A4% 0 -, or conpl ex (pol yat onic)

i onsTRECh &gy CrRERA1r NB2nse8OMere M heast QNa Ohetals,
the cations in the netal salt is a nmetal. 15The term

ingdugdingas ubed hérempleeanssapinfbebps, alkali - metals,

alkaline earth metals and transition metals and metals
selected from the main groups of the Periodic Table of the
Flements. .

The term "metal salt solution™ refers to a metal salt
dissolved in a solvent, such as an aqueous solvent, or an
organic solvent (i.e. ethanol), or mixture of aqueous and
organic solvents, or a mixture of organic solvents.

The term “precipitant solution” as wused herein
includes any solute dissolved in a solvent that, when
added to a metal salt solution, causes a precipitate to
form or crystals to grow. The precipitant may include
alkaline solutions 'such as an alkaline base, more
particularly an oxygen-containing base or a chalcogen
solution such as an alkali metal chalcogen {ie sodium
rsulfide {Na,8} or an alkaline earth metal chalcogenr(CaS,
BeTe) . -

The term “reactant mixture” refers to a solution

containing a mixture of the metal salt solution and the

7
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including, for exanple, seminetals, alkali netals, PCT/SG2007/000333
al kaline earth netals and transition metal.s_and___,Received 11 July 2008

netals selected fromthe main groups of the Periodic

Tabl e of the El enments. 20The term"netal salt '

So'euéﬁl qrtl.an 8£1§*.1Lc9n a V[T‘E? Y tbedlcsa%%llo‘igdo!fn r@actl“zg to

015 suc as an ‘agueous so vent, “or an org

stmmzentthe( |p1t£¢1@11hamel Pz gl aiest gre thfLChqmemué‘,laaﬂd alrmady

or |c I rgani ¢ sol vents.

'Ijﬁeqa ter m%8p¥§C| r‘rft s?rﬂpu:ﬁlé%% gégﬁlfge% herein 25

i ncl udes angersrol u%@mmmlmna sbegeht thaludemenany

%jo%%ul% aoJTEELng %ﬂgE ScQ:!nl‘ge!J.Qx% aqp%ﬁfge% PL €5 p%ﬁ@&l@ can
ormor cryStals to grow. The precipitant may .

i fretmude abdead | méthol at |Hl§3r¥§lsuéﬁn a®yarfdla&dinignes bageir - of

r%?lrﬁectﬂ%gsl culgrdy any Oxygﬁyng&mgo%ww&@asgagés include

cogen 30 so Utiof such as an al kal i metal

cHadlxdldgene{ale sudronidesfilde (W&) btO%n BPRAti ridkaline
Q?‘arltgh r@é@f;{l CMIFCQ&%S(C@J% Bel&d).), an ahR@nker rEolut:Lon

'react ant m xt ure refers to. a SO| ut| on cont ai ni ng.
ma@ Ul Q) t helketdl =A%l sGPEPPHTSENd ($he NaztOs, K2CO3)

g Ihel th%@%o?@iaU&é%bné{%B&h(my\aHEOQamhbg ) Pforganic base
react(:ﬁg orm t he grem pitate particles. or which
) A]GH8ady PeREFERTT ot 1Tt he precipitate
partl clRS .t FRe “heiFowdpprgenceansat ai dgstasert ion¢| udesised
5 nol ecul e or ion that contaj ns an oxygen atom

vﬂ‘ﬁ’fﬂ%%aﬁefﬁ?n a%ofd WTHE et a‘? %n By dofating a° °
r@édlgﬁfphel ecd r ons. pEkeﬂphaayeoprEnGMtlaﬁmmg lpaseghan

ude al k netal hy [ 0 ,
af’?rl?&‘ﬁ neéaeaa’%kh F metaf® hyg%gél gﬁﬁ‘t%ﬁn %&a '_b é’qil)ltate
@Hmfmcaeﬁoluﬂla)rgﬂ‘ﬂar(leowﬂ-i)mnalﬂlaal |berr91@fa’lreseﬂted on a
C aL es ¢ flkalda dydrogen
c%f%%a 2"5 2"' H% KH003 lEtorganl ca base (i ent =0
(ﬁHﬁ)tth@—DObrpzartm&ltmr%l rher BBETe THEWGHYEN H3Sw Percent

tigle size di stg) buliint, assusgd cheeeiput Bfer sabong a
a&r’st écglpnepqﬂl rati 0, as mggsured on a 15 Sedi G aph

of
threrprae miEs ©hartitl e hePhgePHds tthah HbGUL Re ang

The-5d z@-diestitbudian afs t BReprecinpt At e>pakthi Cé@ﬁlvanlent

a given conposition ma e represente
sgherlcal nppartlcle y p) ng) par crie

size in a
distribution is the size in microns or nanometers of the
precipitate particles at the 50% point on the' Sed;'LGraph
for that distribution. The width of the particle size
distribution of a given compogition can be characterized
using a Steepness ratio. As used herein, the "steepness
ratio" is defined as the average'diameter of the particles
in the seventy-fifth mass percentile divided by the
average diameter of the particles in the twenty-—fifth mass
percentile.

| The term "surfactant™ as used herein relates to any

composition that is capable of altering surface tension

8
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Sedi G aph which plots cumul ati ve nmass percent as a
function of particle size. Were cunul ati ve nass
percent 2Q is the percent, by weight, of a

wodb@aidut i on having a particle size of |essPCh&c2@n/000333
equal to a given value and where particle size is the

9L ANELET 4 Ofl%ﬂl@Q%hM?J@ﬂg ﬁEB@EbQ@Qt@abEEQHQlegh%uspended

mean particle size in a diStribution is the size in _
imcr ohs odlmundnetéhgtﬂbhﬁuaSMI?#Q&ﬁQﬁ&zH%ﬁ%artﬁ@th in

BlchPSS000 PO 1S e q?e@pé.ént%r Pbages 267-310 of

iéle’s
dhét@khﬂﬂuonm@flaaglwnﬁtaampogiﬁpﬁn,camdbenz McCutcheon's
characterlzed usi ng a steepness rat

FRTeT TG & SORLPHERR T acT b D 8o herPhca oo ie?80 of the

ayesA9e: thanet epgpf idhe papbigl esp3RH N gl ished by MC
seventy-fifth nmass percentile divided bg%the aver a e

ml%aeir@rnq)qu -helMggrtichees PAViRdorheRE yE1 81 t RO Ters

per cefif ?erm “stablﬁﬁzéfpnhs%ﬂrﬂﬁ?tﬁﬂé"p%%cé§§daccord1ng
hereln relates to any conposition that is capable of

@bt etieng iswefddert emsilehes 8to any composition . that is

capable of stabilizing the particles of metal chalcogenide,
metal oxide or metal hydroxide compounds in a liquid by
preventing, or at least inhibiting, the particles from re-
aggregating after a period of time. The properties of the
particles will not be changed by the stabilizer.

The term "dispersant" or "dispersing agent” as used
herein refers to a surface-active agent, which promotes
the uniform suspension or separation of the precipitate
particulars, particularly the nano-sized metal oxide or
metal chalcogenide ‘particles. The dispersant may be a
polymeric diséersant. The polymeric dispersant may include
anionic, cationic, non-ionic polymeric dispersants or
combinations thereof. Suitable dispersants are taught in
McCutcheon's Functional Materials, at pages 122-142 of the
North American Edition (1994), as well as in McCutcheon's
Functional ﬂmteriais, at pages 47—56 of the International
Edition (1994), both published by MC Publishing Company
(McCutcheon Division) of Glen Rock, N.J.

The terms "isolating” or “isclation" used in the
context of this disclosure refers to any process which
involves the removal of the precipitate particles from
reacfant media, such as for example filtration,
centrifugation, spray drying, freeze drying or any other
known method of removing solids from liquids. It should be

noted that the term does not necessarily mean that the

9
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Amended Sheet | PEA/AIl WO
20081041951PCT1S&0071000333 between a liquid and the
precipitate particles suspended in the |iquid.

woid/aidse Surfactants are taught in MCut che®@UTsG2007/000333

Emul sifiers & Detergents, at pages 287-310 of the

gq'reltcﬁ f‘L ert'ecgg %(_jL'cﬁ.!egna(:éggé)n légglgnr %‘é&hf &nsré?ctant

tergents ages 280
mhdlbnﬁﬁrm@hﬁomabcﬁdhtimadéagﬁéy rpothnpobl thbedrbyipitate

MC Publ.i shi heon visign) of d.en ock
Rayricles a%%srtgpn%ggﬁggf??zgg% usego%%v?ﬁb g?océ%gﬁ does
@@m&@bag t otpBetdVardndyalr ebit esedet Aty eRAi@si From the
that - is 10 capable of stabilizing the particles of
RerALcdRsl cogeni de, netal oxide or netal hydroxide
conpoyRds +kbhmd khhgUiHgPYoRpreygnhilnOrePératrd @@sintaining a
inhibiting, the particles fromre-aggregating after a
ﬁ@ﬁP@GSéPnt iafe. pwm%tpégtbﬁl%euﬁgﬁﬁ daagifjions  (ie

A}L}ée S@QQ%EL&@ Tha%ltu%r Mying. agltatlon

r‘%glspersant spersing agent" as used her ei
refeps fora.$uuﬁﬂn@xhcpfveta@@nttoVWﬂhﬂQWprbhﬁtegr¢¢mpltate
ion or s atlo of the

R EREUPr S0 phr el ol ST TRE A TG HerdF careture:

@hem&gbtamahﬁegeﬁrdewﬁétbﬁl €he ﬁhecﬂﬂ:sméqmrwes may
be a_ 20 polyneric dispersant. The BF neric
0

EPETRIAR  abSF ndiftde B GOk abFomYe, 2 horkeRSfi artial

BOLYBRYE g SPET SANS OlpCONBIiRAIIcoNS phbereoks  and  re-
Sui tabl e di spersants are taught in MCutcheon's

Funstrbhdraiherr Al $heatdi §erh prpad rgftatife MBTRIE1es on

gggr ILﬁl%ﬁ.S%q:’I %atlge%elq%fk)ltaac%s"‘eﬂﬁr@fci& W&Eﬁ‘ﬁgﬁp%&ticles

Functlona at pages 47-56 o
wnter natimohat e Edityore (11i984) orbotlhrpebl | shedd bypMTipitate
PUthSEan Conpany (NbCUtcheon Di vi si on) of d en
The terns "isolating" or "isolation"
used ThHet bermontrxiiohlt Afsitk’scbosticleembfel sadin@hyrefers
rocess which 30 jnvol ves the renoval

a of ih.e .
PedilFi W GTSr 9| RS HRDnIFBARELANE REUFELSsGURa@s acids

bor wxadplaedf i hhnadi o @eet r FéHgRihON miSAe dadkd8g the
freeze drying or- any ot her known nethod of renoving
36F1LH9 PFORTFT guf ACCH IS HAUITR DA IFETEd OLh 3T 1P HePERFRSS -

does gL PECRSSARLL YnOBRD4 NAktihen vy xide oxide species”
2008/ 041951PCT/ SG2007/ 000333 preC|p|tate particles

aneludepl @rel yretenby ddnogrhdecacrade nedinpousdsonighat  are
LEpfLaniuEde UL TSIDALNE PLECERRLEY sy ana o
doesipihtanpasslatiphet Earenevahpbé, r eheranttheedirecipitant
sgftrptigr? is a base, such as a sodium hydroxide (NaOH),
hydroxide ions (OH") react in solution with iron (ITI)
cations (Fe?) of a metal salt (ie such as iron sulphate
{FeS0,)) to form precipitate immediately. The precipitate
does not exist as a single ferrous hydroxide phase or a
single ferrous oxide phase, and are instead, a complex
formed from a combination of the hydroxide and oxide. The
above intermediate <can further react on application of

heat in a sintering or aging step to form complete iron
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5 particles. The terns "ageing" or "aging"
refers to maintaining a suspension of precipitate
particles under conditions (ie such as tenperature,

wotesesst, pH value and agitation rate) for FdENdR67000333

of tinme to allow the precipitate 10 particles to form

a S ly,Ccr S u .
BrSHRSPRRLAL) SR MRALT ) Uity Pgan g pueoring
aay be beayged &t dodaste,oucbealéan parbychés ) agasiever, it

rtlal I ssol.ying of the preci te ticles and

3 bpSs, SeRizabian o A drES oo Ll TaRPit Forming
Iﬁﬁétllcﬁcﬁﬁ oAtdbmbheabpdigsalaied Presi RidAIRS (Fe?') react
particles to formparticles with ccggl ete crystalllne

S%r?%FJg%rWéFEeahﬁr éaiddqqxad@ gans cf to fopme imermoxide

affen,£édr 208" rd Ch%'ﬂb%%lan%g'aﬁgy”r efigbs 9ot Neycinge

process of agei ng wherein chem cals Such as acids 20

ofompbetafe” agdad to tdmposddtiont wikehr eSdu?$migsftatIs:1ally

~g ess t ccgler

g?%%essﬁ&& ¥ I(Ra?er%Je g lg?i&geg?e frr%al ﬁ drfo% de Where

oxieesspeci ebt |mtcﬂ1désabytantahlhy‘dr malyd&)@XIodetted from
ds. .t hat e formed during the precipitation of

‘gh (?ea ”é]atrltor};\n%‘E a5 P& Yidant sol ution. For

exanplies Weeme therpseci pist ard el Uhodrp Se@daBBoadly to

such as a sodj um hydr oxi de (NaOH), hydroxi de ions

TRFEY9G edctSRITabl BOFsAPWGh 1 dF3CPRte A0 HHE g Febtyin a

Black 188 alogal t nﬁie%ei%cr‘sﬁ‘ﬁrdlr ORoBHbRNBEE fL30M P the

form preci p|tate i mredi at'ely. The precipitate 30 does

' Jfﬁﬁc@mst Teisx i ¢ ngtendaer ri‘cnjs Chg,&jrfoxtﬂtﬁe mm:e:a@rt amixture

r,ou Lde ph n
co% ex ?rgrrre ?Pré%rgh a Cgl‘&'ﬁ)l na?l on of atpﬁ’tr% F%&ii giat  the
arehtgdrdect Tlueeabmaetam.tmyreﬂgatckp@mlehmr tch;erthi@aspeed of
et%ltf l | Catl 0’2} t %ﬁtc PANE: Slc?éflrrllinrgg oghgglrggcis:ggg zone,
MS&@A&S&W /cﬁGZﬂﬁH/ 2Q8383nexintde& teirkstiddedr ahdr thesibly
react .on appl | cation of bubbling air or oxygen to

1 mSBEP63 BRAFedtRePRF PRI & - vEpamber| Jdefgirdng  the
‘esidiall ezdge for | the: idial 1 Qxil deodd 1 heyt Eﬁ%m%otr}%%lcal

iron internmedi ate wherein iron cations (Fe2+) react
fRamsddion Wit B rHer R roki 3l 1 roTenEaes)s itd of dlmidr dr known

XidR amwaiv e }Qﬁﬂ@f%ﬁﬂ@ bRt ALLY 096 pl0L ot a1,
excl ude "conplete . “a“cohposition which is
Gflﬁmﬁranﬁv alJfohtr @Elefyr o&n \Somy bé.‘?&@nplr@tiréldsbsf r&eegeneral

re nec ssar 'subst ant i ly" ma
C[)leS%cl)lr?lgtlt fed ?ifom f‘he&b%fil ni Olwc‘)‘:’n 3 d t he P%g ?ﬁ)ﬁ.r ¥ages
1Dige 1tdr mMi'sedrdsex"a | Rathehet idd erpodé edfbr opdbyitOion of a

[ iral nmotion of a reactant. m xture within

| ude a s
V&Y &?%ct‘ii%tkgoﬁéi fherddtadsid aFafbt | IRTEEceRe HRsgdstated

tllh®s have also been experimentally investigated in other
literature such as Memoirs of the Faculty of Engineering,
Kyoto University, Vol. XVII, No. III, July 1955 by S
Nagata et al.

Unless SPécified' otherwise, the terms "comprising™
and "comprise", and grammatical variants thereof, are

intended to represent “open" or "inclusive” language such
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reactant m xture tends to draw the reactant m xture
15 towards its center.It will be appreciated that the
creation of the vortex may be dependent on the speed

woabosagigsat i on wi t hi n t he chanber defini ng t hecrsaesiromnsss

zone, the viscosity of the reactant m xture used and

PR&SI bkMeyheinbapgeanddieasi enemehikhe sehankarso  permit '

defining the 20 reaction zone. A mathematical nodel

e luaeon Helo raddidd oy matn HT 161eda 4 6FE8% Sof  a

non-c¢ Qpﬁgéé'HE§eﬁhU'th§ EDWN b e, akh. thQr context of
exanpl e, Transport Phenonmena, Bird et al | -Chapter 3,
dohoeW tayigSonf 196193rrm<mﬂndl§s ac'éene’iﬂa‘*.3 di seumslapions,
f vor x fI uid f}ows, a g

5@ (ﬁ osei}a \rl;%f hg]?rajfﬂ%a?{%r%éﬁl%llp@pﬁg%g%ﬁ}gjnmally
ef’ awomtfe)méem*datlem avna age t amenletagplca/blyl ¢és 3% of the

anks have, al so e pe tall
SU0LS0 Al B0 | BODE nETPRLAOTr uf L s Goh s HIBKGTALSs value,
é{a@nFﬁsgéty F&cgmmynere’u N &yotee UBkueedi kxlu¥ol and even
XVI 1, F July 1955 by S 30 Nagata_et al.
@E¥%5§Y%¥}%%Jr3f}i ed’ ot%errw%% thensteders V8&8Rpri si ng”
and dl‘?f% dfue @H?ésgr&igr?ﬁd&ﬁje,vaéé@@esfntIa%%aflmeaeg may
intended t0 represent "open" or "inclusive" |anguage
becﬁ18¢£D2668h®4395IEG@ES@Q@@?ﬁOOO@BSShﬁaldtﬁéy understood
ud ecite ts. but_al p inclu
LT SRGT e T e a0 PRI | O UHART for
&Jmevéxeiéhceatmm '‘brénitheandntsewt:1df no@nrbentcrcatatmwdofas an
ts theforrmlatlo 5 typically 2ans
Bafgng?xjc s?]alt“élot%% $br e %%pl%%\c%/ % 4% ?JhSClOSEd

shg s, VALESrdIwg By | YPheakk¥cript 36h OBft Be rsinafeeshould be
val ue, nore typically, +/- 2% of the stated val ue

evenidrore thpiang ySRgciibeatly il iases i uehampssible
Y50 typi cahhy 44 - 1Q45% Qhai haupbat ed1Valad®es within
10Thr oughout this di scl osure, certain enbodi mrents may
beadi sehosed Fiow e xaamgke f oBRBEripEiamo@ifd Herange such as
Fﬂgﬁrﬁtogg Q?aghggfddgﬁgrgBESQEe&@dr ﬁ génagpéé fically
for convenience an revity and shoul d not Jb
dnmlcn:ms:ﬂ asbanangésexddghe 43 nifrakmi dn om Bhe fgmpel ofto 4,

g sphosedsto andes o pecorfl poly. o Mgsdecr il e,

e conS|dere 1avé Speci a Iy
@I£SQL4181edaal | ihdevpassaibl eusbdrs angahias webk asange, for
i ndi vi dual nuneri cal values within that ra

XA, Hestriptibn of & arfye Stich el a Iﬁfaglaog%less of

- shoub £ he i sivdgr edidde have specifical ly 20

di scl osed sub-ranges such as froml to 3, from1l to
4, froml to 5 from2 to 4, from2 to 6, from3 to 6
etc., as well as individual nunbers w thin that
range, for exanple, 1, 2, 3, 4, 5, and 6. This
applies r egamelt@skE@fDihelb$@a%it¢f cﬁmhmnﬁamfe

The Process

Exemplary, non-limiting embodiments of a process of
making nano-sized metal chalcogenide and metal oxide
particles are disclosed. The method.comprises the'step ok
mixing a metal salt solution with a precipitant selution
under conditions to precipitate at least one of the nano-

sized metal chalcogenide and metal oxide particles. .
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25 Detail ed D sclosure of Ethbodi mnents The Process
Exenpl ary, non-limting enbodi nents of a process of
30 nmaki ng nano-si zed netal chal cogeni de and net al

woasisia1garti cl es are discl osed. The nethod ceOmSGES/000333

the step of mxing a netal salt solution with a

precipid antt S0l BkioncuRgetn@sndiskdons tihgreedgeiatfay be
at | east one of the nano-sized netal chal cogeni de and
srRIMR etBdie or;:arpiag[tégx;lyv\gsoluble in a chosen solvent.

é%%%gfgﬁﬁyilﬁgﬁi§@%99FL999§3§5 a metaMeaPBtatessablit, metal

conpounds used in the process may be conpletely or
hrakidaal splsel utteal nnatehdsensabli vemetapr aplepaiphate salt,

t he et al IS t e t hal i de
r%%%l, rr%t‘%ﬁsl%rltil? ra %lggl ?]lly(?rfe%%?é phgg%)%%?femsglkt , 25 xture
teddofsul phate salt, hydrates thereof or a m xture

t her eqf . The tal of the net salt solution .
ey T fos A BesRteF a o Wi iRy comprise a
ksl Sdd ng1efd alread ithetgdoup aldmliista ngakith aTe@kalis metals,
and netals selected fromthe 10 transition netals and

Fdil e ety MR the G n BEBAPS of SEhESERF ofFem the
il £ 1Ofort NeetH B S nEXEIP! 8L Ve bBIR! 8rof thE Hﬁ%ﬁlgroup

salt include My, Ca, Sr, Ba, Ag, Zn, Fe, Cu, Co, ,
oge,ti8n, Periads,c Takded oy .tHEh&E lamicats -oExehg lagametals of
| t |utj . j se 15 i 0 sel.ected 0
R L IR - iR W S T
phosEhates @rxdNagetrat endERenpl ary ani ons i ncl ude but
are not limted t -, Br-,_3042-, 0-, PA3-, .
and d .arllhorb?]eognb%}ﬁ mBRE2T ¢ l?é’%ﬁr etl ‘%%Laoﬁ} 8Y utPORTSe
LHOMHY See128tal ORYy@RN-arNt girdupg baseisthey of halides,
oxygen-cont ai ni ng base may be selected fromthe roug
ad@sng BEtERkSPr nRRaFPRYEROxi IS, 2Ae netFpmplary

LARRNAL 881 ugkkabiine o8ar t o fretidlmifudr oxbdesy-, al kat i neo,?,
earth netal carbonates, alkaline earth nmetal hydrogen
GafBenat e, oranhiNosbase and mi xtures 25 thereof.

o A P YRR, U0 RSB R S 35AE08, Koo
dri 200ByeNa2EAB, i iNadO0B Sk ClBe  KKODBN - C@H3) NGy Obase may
4‘%?&3. )e(% ggi gé%%ier%gl%;. %%Iég bacso%ssioslttitrggono% analqgali metal
hydroxides, alkali metal carbonates, alkaline earth metal
hydroxides, alkaline earth metal carbonates, alkaline
earth metal hydrogen carbonates, organic base and mixtures
thereof. Exemplary oxygen-containing bases are socolutions
of LiQH, NaOH, KOH, NH3-H,0, Be{QH);, Mg{(OH}:z, Ca{OH}a,
LisC0O3, Na»C0s;, NaHCO;, K,CO3, KHCOz , {CH3}sNOH or the mixture
of thereof. '

The base solution can be formed by dissolving a base
(ie such as NaQH or KOH) solid in a solvent. The solvent
may include water, an organic liquid (ie such as alcohol)
and mixtures thereof.

In one embodiment, the precipitant solution comprises

a chalcogenide salt solution selected from the group

13



10

15

20

25

30

30 (ie such as NaOH or KOH) solid in a solvent. The
sol vent may include water, an organic liquid (ie such
as al cohol) and mi xtures thereof. In one

W@;bg;a@j.jﬁ@nt the precipitant solution conpri SRS/:2007/000333

chal cogeni de salt solution selected fromthe group
0 041951PCT/ 007/ 000333 gonsi stin
éé[\%% géﬂrhe ag%chaﬁ c%nﬁdemeglai Cchg XA %3 Effglnce’ar?ﬂd an
aktal iehalczogeni detsal tchfit@nsniofe t Balehal spgens destf  the
sal1 include sulfides, HS r Te032-, i} ”m 5-
%?%%I% e GPOEm KRG Bhefebfidsenphary 5507, Te0s™,
Y@t Legeni densaddr sol yti ongiikRehde Lic23rob22S, K3mplary
L| 2Se, Na2Se, CaS, CaSe, CaTe Na2Se03, K2Se03,
nideTeta t HdrEtiens Heredrdeorlindxt peS, XS, LisSe,
N greofc s, AQEONS| e L hegsdigar
a%pl Fed T8 sard xe%‘él Sol Ut T one’f or e P4 dﬁéclﬁecghéi 254 80
tyrdrd tey-tgiezed fpogcmprtares10hpaedfcl es havi ng a
narr t|cI i ze di st |but| n_character.i in
t hat Q}V&n ttageeﬁrlfesé ?‘l 0 ofeth ofrlcﬁ'alapﬁﬁégfjpl Paf@ld mixed
Sﬂkﬂﬂﬂﬁﬂﬂﬂfdﬁmé %ﬁidlﬁﬂhdﬂﬂﬂﬁed3onﬂmﬂdiﬁsshﬁéﬂ @b@@&pltate
2, | ess t han about 1.9, or |ess than about

AR iR ABOIROL, 7. SE TS B 1a8sut 5176, @.:L'S|té§§=utmn
darharabedt in5tnak. | €8s haRkpheds ratio 1Be MBINOE;inal

may caonprise the step of agitating the solution
RESPA AR 1SpsPRnsdgRodts sl ridest i arpWond tor | hessethan
ddishearof oiges Thensheptl arae Wi higgssatﬁaéegs&uenl 8,
zone may have a Reynol ds nunber he range
Ogelb%?efedthamrabhetgrlodp cxemslsissngheh 2@3@0{2@0(&)0 or less
tgmgx b ?OQO SQQOl%ggogQ tfegeby enabl i ng a high

ree of mXxing in sai feaction zone. The
for mMEthenanetisod ediapr econppt i€ paet iglews baveadiitating the
é)\rl}era ge partl cle size of abou 1 nmto about 100 nm

§dtOFs Fubm - §6rﬂHP 8Bbut>3 hnf e hhoRt 289 to

iRducaboghed BRRAS aborée 50 THE ahpur 1¢H@et 0yakayYh  said
20 nm about 10 nmto about 50 nm about 20 nmto
TRAGEEC50 #PRe  HBEUthASS n@ t Beupeles seuakerabbut the neeange
ste@e@@@ﬁt £ WRe aQQH{JplQ:o%@lts‘%lﬂgoq;f 690(%112(%1900 5000~
about 15mto about "20 nm 30The mcro-si zed
130880pi t%@%o‘p]d}qq(tqrestﬁﬁyeha{veelaabm age pghi clegree of

_mgg%ﬁ ofm gg% Q.QQ ut 100gm 500nmto about

nmto a ut 1 gm about | gmto about
The formed nano-sized prec¢ipitate particles have an

average particle size of about 1 nm to about 100 nm; about
} nm to about 20.nm; about 5 nm to about 30 nm; about 5 nm
to about 50 nm; about 10 nm to about 20 nm; about 10 nm to
about 50 nm; about 20 nm to about 50 nm; about 15 nm to
about 30 nm; about 10 nm to about 100 nm; about 10 nm to

about 60 nm; andAabout 15m to about 20 nm.

The micro-sized precipitate particles may have an
average particle size of about 100nm to about 100um; 500nm

to about 100pm; 75C0nm to about 100pum; about 1lum to about
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WO 2008/ 041951PCVS&2007/ 000333 50gm about I pmto
about 25gm about I gmto about 10gm and about Igmto
about 5gm The process nay conprise the step of

wopomuthisng a surfactant in said m xture. ThePpTSGR@iTOE333

step may 5 conprise the step of selecting the

SHEw2CLant, R 1S GLUP S8MIR! SLHA%:OT M8 aBout  10un;

i oni ¢ suffactahts, non-Tonic

suE T a5t ant fum R YARNIC s, f act ant s and ‘mi xt ures
t her eof. E%tamn'pl ary surfsggit ants are selected fromthe

gr oupTeengirsidesg ofaysodimpnigedethe- sidat @f 1providing a
sodium | auryl sul e, ' | anpate ' .yl sodi

LA g S SERe R, | sl g oy may
sonpeol eat ehe SPAM 80T ) s sarthirtaanthencoleata)antSPANm  the

85%{3% (sorbitan triol gat e), .PLURONTe ;Et hgl epe tioni
TG/ Propyiiéd "exi dB* bl o IEGPS ynBPj ractants,  cationic
pelyoxystdy] epgnt abhyc agudrastenss, 1pclymeric surfactants
pol y(vi nyl pyrrolidone), pol yoxyet hyl eneal cohol ,

pod yBi hyhene §hyespL- nokSemgleedr iSye fapERRAPK SFumelected

ri L5 N Ayl beyl 88iD&n dodecyl-sulfate,
Eg%?ox%o?yﬁ%%el ?Elﬁhgéé;%tl&édroxypropyl odecyl-sultate

sed hyh celhukpte sndfatgtur e9dibmr edfaurz§the pHedatdilggdium
step may conprise the_ st

f ti th .
TOHRPRYSEIHHOF t he @Tﬁf@cfanf%ﬁ&ﬁ}}?ﬁl’é&gﬁ on zGggpitan

f ou 1 NG Q5 aRouty 9 QA% )aboupay  g5®
r%'ﬁ)/%mé%%% 0.0 /E)g}?tgséa out&@%blg%gluttnb. 05% to e)lt')out 1%
abomt i ©.:05% 1 91abed), 0pb¥roRDOAt @t0F%:he ahoite PrtHylene
about 0.1% 25 to_ about .10% about 0.5%to about 10%

Aptie bee eRotymonk. ARUMOBRTY I8scuttafd% g esters,
%@WEVJQ‘[#E/%}&C;IO@CR%]E\GE,I ght Oprlpﬁyﬂge?%tlllﬂzrl%neThe alcohol,
rocC a

ess conprise the step of ding a particleS .
o bypermakeng o sa@ldanlxt ur emenod gl vEer Bde, benzalkonium

SO PIFL LU G RYRERDL AFePRT 1 LALRS; Mfiroxypropyl
cellulose, hydroxypropyl methylcellulese and mixtures
thereof. _ ' |

The providing step may comprise the step of selecting
the concentration of the surfactant in the reaction zone
from the group consisting of: about 0.05% to about 10%;
about 0.05% to about 5%; about 0.05% to about 1%; about:
0.05% to about 0.5%; about 0.05% to about 0.1%; about 0.1%
to about 10%; about 0.5% to about 10%; about 1% to about

10%; about 5% to about 10%; and about 0.1% to 2% by weight

" of the mixture.

The process may comprise the step of adding a
particle.  dispersant to said mixture to  inhibit
agglomeration of the precipitate particles. The particle
dispersant may be added during the mixing step. The
particle dispersant may be an organic solvent optionally

mixed with water. Exemplary dispersants suitable for use
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di spersant may be added during the m xing step. The
particle dispersant may be an organi c sol vent
optionally m xed with water. Exenplary dispersants

woswistoalsse for use WO 2008/ 041951PCT1SG20071000882007/000333

i ncl ude i m dazoline, oleyl alcohol and ammoni um

G d 18 inl; Bk ot Beky fi spe6aant sinsui @Rl citrate.
particles of the mcro to nano-size are disclosed in
Thregiamn i andAdetitie v edi gwrir Certami suirajdes sfarg, Pt s 1gs of the
n?queﬁﬁflﬁhnggéygg ﬁ%@d8£ggl£§g&i?yi59 aﬁ%§t28di&9993 And
Wiitch % incorporated herernin its en?| rety.

ecaridi nBityceddingyr elsy pibt atle pardneciies d,pafhiwert ahtydemic

8 A0S S RLC BARL S LT S0 S I Rl Ohnrotn

R tegheseaye st abl®r@iitigdg, nothgenialilpy theem particles,
egates 10 of |arger-sized particles over, a period

- aggr, .
R BN ATAY (hE SHHO 19 HREC (IS DIRIJ@LE] SR qes, are in

tLah&3iRls0 48 nelsshange whif, tig@Bcelh&he nano-sized

I spersant nmay be added to the m xture in an anount
pefrtdlodes Gre5%tablaboind 199% byt weeghta by t herni Rggredates

O%Tﬂ%?é@ﬁ&&%fﬁ%g@f@{ééeOQ,Q? Sat exoifcjéiurof time. At ’;he

I'njecting gas | S§aid reaction zone i hg Said
gl yihge St @pe properfihieepr of eshemgyacoinprassealdar ideg not

ai d ageij step, the step, of: 20injecting gas,int

ol ‘E&J&gntﬁ‘gwsp ﬁ’&eo‘gﬁ%%ﬁsp?rltat Iga}ﬁalbt% c"fl%g?d To the

mhER& 13@S isaRnbemexyged.f abou®r 0ansknest agast SUch B$ weight
ni trogen. Advantageously, different particles
AforipifoMdgiteEeecan be achi eved by injecting different

gases 25 into the reaction zone or by injecting gases
duri A§edPrPeEent m3yepemprise the citRisiofed and -

'n.ano'i%;]éggiﬁ&ecéﬂ tatg Pagkigl §2®4en N24he during said
di scl osed process nay be represented fromby the
applllydwiongtepenul a: 30MaXb wherein :

The process may comprise, during said agelng step,

the step of: '
injecting gas into the solution of suspended pre;ipitate
particles.

The gas can be oxygen, air or an inert gas such as
nitrogen. - Advantageously, different particles
morphologies can be achieved by injecting different gases
into the reaction zone or by injecting gases during

different steps.

Micro-sized and nano-sized precipitate particles made
in the disclosed process may be represented from by the

following formula:
Maxb

wherein
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WD 2008/ 041951PCT/ SG2007/ 000333 Mis a netal,
preferably a transition netal, selected fromthe
group consisting of group IB, group TM group | VA and

wogomup198l | B of the Periodic Tabl e of El enent 8CTXGR®7/000333

oxygen or a chal cogen; 5a is an integer of 1, 2 or 3;

and b 'Jsisag fngtcgger?@g{éragl érgﬁsﬁﬁ&?hné?tat]h,e selected

mhereln conbi nafi bn are suc
ﬁxzemaltlheck@rcg@ ofothbhestompowiid Q\@)dp IB, zgroup| A18ne group

SR Eodentons TEE 1 A pp Rl s B ERTEhes

di scl gsed process nma ggl sel ect ed fron1the group
consi §ttRAg"HIIFNS) T aLgPRSpps, PbSe, PbTe, CuS,

CuSe, CuTe, CdS, CdSe, T MnhTe, Ag2S,
Ag2Se? By, LR RFDE sci’fzggf ?nd”hi%o aéﬁ%zed net al

chal cogeni de and 15 pr eci |tate particl es
nmade }i’nl?h%nd}%‘b?%%‘éooép%ucéﬁs%m)? B& JePBEted from

t he group consisting of ZnQ,_Ti 02, Ce02 Sn02, Fe304
Fezoswlz%%mo‘fembﬂfﬁg?o@ilﬁ AP2GRd \BoFreNGPHE fpef the

H@é”railfc@gx% e & 20% reo d $aR03i 4 2203, MO031
Co304, ZnS bS, CuS, Cd MhS, MS2, Ag2S, Sh2S3,

Znserlgoc§§§eem§%%§ﬁ§nt8'2§ﬁ§ A - AGLEe, 2A8d nano-sized
Ag2Te. | n one enbodi nent, the process conprises the
Beept ofhalcogenide preCLpltate_ particles made 1in the

disclosed process may be selected from the group
consisting of ZnS, ZnSe, ZnTe, PbS, PbSe, PbTe, CuS, CuSe,
CuTe, CdS, CdSe, CdTe, MnS, MnSe, MnTe, Ag:S5, Ag:5e, Ags:Te.

Micro-sized and nano-sized metal chalcogenide and
metal oxide precipitate particles made in the disclosed
process may be selected from the group cbnsisting of ZnO,
TiO;, CeO,, SnO,, Fe30s, Fep03, Zr0;, Cul, MnOz, Cuz0, Aly0s,
V203, Nby0Os, NiO, Ind;, HI0O;, Cr:03, Taz0s, Gax0s, Y203,. MoO3,
Cos0;, ZnS, Pbs, Cus, CdS, MnS, MoS;, AgsS, Sbz33;, ZnSe,
CdSe, SbsSe;, Bi,S%es, ZnTe, Ag:Se, and AgTe.

In one embodiment, the process comprises. the steps
of:

(a) providing a metal salt in a solvent to form a
metal salt solution;

(b) providing precipitant solution selected from the
group consisting of a base, a chalcogenide salt and
mixtures thereof;

(c} mixing the metal salt solution and prec1p1tant
solution to form & reactant mixture, said mixing being
undertaken under conditions to form a suspension of nano-

sized metal precipitate particles;
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(a) providing a netal salt in a solvent to forma
netal salt solution; 25(b) providing precipitant
sol ution selected fromthe group consisting of a

wohkas®41981 chal cogeni de salt and mi xtures ther @af/$G2007/000333

(c) mxing the nmetal salt solution and precipitant

sol utj on f rﬁgg; t 13 , ' 14X ;
bei ngecgo éLﬂ?edléI%{ arﬂggen un e?glczcgr?dﬂ%%s %%&ﬂr%)gg%g particles
isus piensi omasfo—sdnedsi metdalret akipge ecoépi trmttenparghadlcegenide
VO 2,0%(1['8/ 041951PCT/ SG2007/ 000333 (d) ageing the
RO d al precipitate particles to form

nano- &zedsseied nPxtHe aiermmt adxiodwl 6pgeritde chalcogenide
particles; and (e) isolating the netal -
RGeS 161 ol HRalSESHERPEE™5 particles fromthe

suspefsl Uyeing stdp€(@PCLBA BEEeRheeh) c6aN e iskeidlving
agei ng involving the addition of chem cals such as an
tded daddibidaseft chamialadimat 2ughe aggiaty prbdeds. @ base to

aT&ee&aﬁgceait%g i,Tshtee%g(ﬁ)g ( Qgcggsundertaken under 10
0 rm

condi tions Cro-sSized particles from said
f or methenanagsized pduepi cl &3). Tlkencorwd t i bndechakefor under

exanpl.e, be: . _Heating the suspension_of. .

0 o D OTRI BLCEHaP L ERaRPRRELT bRper 50Ty §37 s S5Tmed
HRAuEl s pahitlieleenstraat byndgt i ahisngah hef suspemsp s, be:
for exanglee, _15heating at a constant rate from 25C tq
aboutl -958caR¥RY ot EHEPSRFIPR NPT 2PTRETREBRRF nd3dcles

pH of e suspenghen @Em€F§H£ﬁ§@|erf%ééfﬂﬁﬂhdﬁéﬂly, while
exanpl e, between about pH 5 to about pH 6 or between

aboutcqsts tentd vabegt tpHisaf oFhabosispemignt o Hourexegrle,
" SR L ooy o5l 3in 5oL e s
under constant stirring;
2. Maintaining the pH of the suspension at a suitable
pH range, for example, between about pH 5 to about pH
6 or between about pH 6 to about pH 8 for about 2 hr
to about 10 hr at temperature of about 95 °C; and
3. Cooling the suspension to room temperature (ie
25°C) . )
The heating step (1) can change the saturation

capacity of the solvent, - which may result in

.intensification of re-crystallization, or Ostwald ripening

so as to let the precipitate particles grow or re—

crystallize tc form the particles with a crystal structure

or larger sized particles.

The molecular mixing unit

In one embodiment, the reaction zone 1s located
within an enclosed chamber of a molecular mixing unit. The

molecular mixing unit may comprise an agitator within said
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250) . The heating step (1) can change the
saturation capacity of thesolvent,which may resultin
25 intensification of re-crystallization, or GCstwald
wOoRBanistsg so as to let the precipitate parti ®CESGIHGHO0333
or recrystallize to formthe particles with a crystal
SHEYSLLE € Rl Bh9er vl Zﬁglgﬁgiéfl flxing e iOheGul@irther
m X1 ng unit In one enbodi nent, the reaction
zonprise| adat belaskt Hive afleht| dsédtehdibeinstoguce - fluids
o) ecul_ar, m xing_ unit,  The | ecul ar. m_xi,n |t
tOhpr isgédane%cg]ic?saef&]orCrvlvlalfﬂﬁ?%wggﬁd O%Orﬂa)hyg SHE " olltfet to
20084 043963PcTE8R200EL0PD838e entbosed chamberd THeom the
nmol ecul ar m xing unit may further conprise at |east
BBl PFRF SRR to i ntroduce fluids into said _
encl osed chanber and optionally aone outlet to allow

suspehirdgre &tpi 2t @gFBaB%rrEﬁo\?@@afrrtorﬁjtgﬂb ghear to the
pOSLesed £DANPLL - ensures ThesUsSEhOf saiiidAtdde tlequately
i npart high shear to the reactant m xture ensures
andt hemegerereits bnstired ade qiritel SPaitd Hdfogendoudiaps than
hxed [0 0 [ i g€ | t A9 %1y 1 th
gar)egérggﬁég%gzpt %ﬁglqgl?gn%rés'pre éarg%{éy Iéassyt haer?S _an
10 @#9) nsd forfioam antimiieatixtisg ukeadigarlitny tthe tdeaction
reaction_and the formation.of..a, precipita he.
R e B O R BB BE P D tntiae-
of mcro-m,xing for reactants i.n_very short. time, th
ol et aP PRI G DREE Ty BEBHEFHERS ko Rixig for
togbrhend shatwerdy shdef tamenpatie lbcheéghlsheatixing unit
the reactant m xture and tqo nechanically. rrixggthe t wo
BRY UPP oPRSTIFRA SRR o sTRIP RN ottt & fSkSTg fohitfPart
B &n Ot EXF Ve aN X8d B¥abhgnd unbul ot dddlih fddManically mix
Therefore, the Reynolds Nunber shall be regulated on
the busi sodutdleasequitd orpbitions ig- fhg medepglar mixing
el el d is di £ 1,0f o) v Fluid flow.
‘#ﬁ%riﬁ? ordllﬁn&{hﬁ]e rrr[%q%cul g m'tcgignghgﬁkimé)é%rf oV duilng o
Ther ¢ Bact anthsoRetynods st dlurire rmoihecldl ape nicggngavedt on the

uis the flow speed of the liquid strea is the
%%%%%t (%h?rﬁgég%lon o%: 9 m p
Re:d.u"p
H
wherein, d is the diameter of the pipe {or

distributor in the molecular mixing unit) providing the
reactant solutions to the molecuiar mixing unit, u 1s the
flow speed of the liguid stream, p is the density of the

liquid stream and p is the viscosity of the liquid stream.

The relationship of the diameter of the pipe or
distributor, the flow speed and flux is shown in the

_equation of:

_m-d’u

2=
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- pipe or distributor, the flow speed and flux is sho

‘aBHPBYEY WehRTRCE he

25 liquid streamand p is the viscosity of the |iqui §cri9a2007/000333

stream The rel ationship of the dianeter of th

in the equation of: Q 4 wherein,is the flux of the
liquid stream As can be seen, once the dianeter of
the pipe@idi @ributge isudeter mhoed; qihe £4qw speed (.,
is determ ned by the flux of the I|qp|% stream |t
sh&l Iseﬁérfa??%eghﬁoﬁéam?h%% 8% 5EPp¢ eBERF e°F sCE AW ®r is
tgefBLRA) the: f EuX, okptbe gjecled hlQws Therneforg. . or
the rel ated paranmeters can be concluded as the
di-Bfet BrT6E pFpESa®he T ughathe B ed8tFeeandratee that a
Reyagkdse NUsTDEEud Ped hee s Chosad PHOCESS: bf £8c cjected
preferred that the 10- flux of the ejected flowis in
t hé°FangBebFEorer- 3609 ﬁB%ﬁF?dnﬁFéarh?éé‘@r ahy P2 1c80ptuded
nBkhreheThg apeessuice ofidd)e @jectrd,f oW | $cddbdhe ang the
range of 30-3000 kg/cnk, preferably 50-1000 kg/cnR.
TREYERYTOI Gnber Re of the ejected flowis in the
range £ 2990- 00080 gr ef erably 5%00.- 15000f0, more 15
pref er abl V' 8060°T00060. PAIVERtagébusisy, PERT THESe that the
Réynel d§ thumkdestedciénvcad honugenenty-atf ¢e-3000 w’/hr,
l.ecu = ] | A thi ev wi t.hin the react.i zone .
ggl g%eb%%%?%a}t\i%ond 'ﬁ—&r@e% ?gri shf)eo i1 o Oac%ﬁ%vgj geted
hifghvwsipein satairstnon oW t 31 -3 & 0s kkgy tmhe rpmdeahblliynBp-1000
a en 4 DB, £l i e.first,stage . .
01rJl E'%t/ %@ 'pr‘e}gélrg%t at |_o(%u§qr%[%e%g%T e%édintr}ﬁgé1t%§%toe uc'“elac\g/!qerlyS .
fithe prawdei Pat P14 havi et bl f ¥ @9 PeirQlod, e more
SE%@_I’Q&@EL} by b oy advaiageausty, becayse. Reynolds
chem cal honogenei t)épat the nol ecular fevel i's
EREENBATYOAE \iiTtchi Py sheywretl  is
t kBB 1254 I afBsniwhen iy Nthesizlbng LEANSIdd QN-dTet Rl 1 cation.
oxi des, the formation of |arge aggregates of _
' PRPEPmedFatd &NE St of e’ FOFTSf F rit'einetiRfe saturation
SRRELES SUCHh&S: Mekalichy oOXikdes, maygbeHdathi bbied naRdrous
the precipitate consists nmainly of transition_ netal
oXid .ElTPfgs fans T hat *ER8St Pansitsi A S50 PEf Ak Bx Pdesess.
r egutiles mbnpradute mersgi Mteei pgecDfititd @asicicles having
si_nteri.ng a | ow tenperature. . . In ohe. -
R B S I e G B At CU e
( becpoter dator}l dieposectiwivt hen aheencdlegeda20 level is

achieved within the reaction zone within a very short t:’.mé
frames, when synthesizing transition metal oxides, ths
formation of large aggregates of :intemediate ‘and the
formation of intermediate species such as metal hydroxides
may be 1inhibited and the precipitate éonsists mainly of
transition metal oxide. This means that the transition
metal oxides reguires minimal to no sintering, or at least

sintering at a low temperature.

In one embodiment, the agitator comprises a rotator-

stator (or rotor-stator) dispossed within an enclosed
20
Amended Sheet
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Amended Sheet | PEA/AU WO
2008/ 041951PCT1S&0071000333 chanber, said rotator
(or rotor) being rotatable about a | ongitudinal axis

wof008/d4mparti ng a hi gh shear force to the rea@Cirse2007/000333

m xture. An exenplary agitator -conprising a

St d hi e O lo | S50
G, 1 EBEBRSE WiNgouan g sharor b

lmmlatpmhmaéd ah:@:seuﬁmbylmpea‘rérmea high sheppngorce to the
I ment A2 tat or
CFach:Lon Wllt)i']tU% gl % x%?n i &Q‘EB pacﬂgélgegg a

oseéed in the encl ose sal
Ihﬁjdrg-srtmmrablcas@hmﬁd a vl*m’rgurt udamal enxlesdadr chamber is

arting a 10_shear rc t m xture in use.
Cffg%ﬁ y*hale B2 §8Pfgac€' éﬁ ﬁéc ange é'iflcgtgguf:amd
nddQ::300R, HY/reBenthe packing can be such that it is

structured packing or random packing. In one

en’OOCﬂrﬁE&Ee th®cparkhny ithed Bgekhbgr Olcohpeiweke arephcked
teﬂge packing that can be made 15 froma relatively

rdigrasad aritdhidh He searhperd chambper p| 3ahd n@?‘aked bed
h%rﬁ?% rcgﬂattaé[%e packﬂ! Or 1 phgstd@inal axid Nf@PCimparting a

i ment Ing is substantially
sndamcfrqm Ity stl@psdxamtecaFﬁpMS@es Fhe| paskipaempEshave a

I n_one errb ag] | sed ,of
sé;‘%%cﬁ u?ﬁ??t;ﬂ' of ove %tn&i) nof ii‘hr&lg:ayg?(gf)%)éd W/, The
PAAdiYigngcans hear sfxmcethatsand misX i agrsotmﬁé@nspamt}ing or
be undertaken by a shear I n one %nbodl

el he HRCHEEAs i &1 nCFfie ?%P?ﬁjd?e%t r o118 g PRE a

;faQﬂﬁ] cyti ndel Galressheash megpe, phei@id) thet can be made
cylindrical section 25 has sides forned by a

oo & | ¥ DL RN | BRPT hgRRRRRId hyBRS FReSRBIALRES Steels
nga\i% "i}lerf%sih aﬁ'l%? °€1999%m0m9§am£ O%la@é%ﬁtc 3 mmor

abut 0.5 nm The mesh may have nesh

porosity Hfe at xjnl?@cﬁme%pc@ Ohe rmf)gcf;bﬁ‘(ﬁ’ 99%0. Eﬂbgﬂgntlally

en‘oogﬂ ment , the packed bed is nounted on a 30 shaf
dyil itrieer ireddty-shapede and r coapedsen t At réaéﬁtonone mesh

- oL S S AL CLA P L PASKLRR 708G b o
Eediingniof bhe::lﬁ‘@piﬁ@Sﬂ:ééﬂQSé.P@'ﬂ.SGZOO?1000333

Bpplying a shear force to said mixing solutions may
be undertaken by a shear means. In 6ne embodiment, the
shear means is in the form of a rolling mesh to form a
cylindrical shear means, wherein the cylindrical section
has sides formed by a plurality of overlapping mesh
layers. The mesh may have a mesh size of about 0.05 mm té
about 3 mm or about 0.1 mm to abut 0.5 mm. The mesh may
have mesh porosity of at least 90%, or more than 95%.

In one embodiment, the packed beci is 'mounted on a
shaft in the reaction zone and rotates in the reaction
zone. As the packed bed rotates, said packing lmparts high

shear onto the injected ligquids. In one embodiment, the
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rotating packed bed is cylindrically shaped and
defines a hollow to accommbdate the inlets for the
liquids. Advant ageously, in-order to neet the

wonesdrssment of mcro-m xing for reactants WPCHISG2@)7/000333

very.short period of 5 tinme, the agitator rotates in

ﬁ@téﬂtixﬁ@cpa@ﬁedoﬁédaﬁsac?p@ﬁdrliﬁaag‘;hl eiepad and defines a
h-gravity level gr(ms2) sufficient to, i nput high

'% W 1P SEGPIIQHRTEs e dALETS0neT FRE hightFavity

| evel pg@dh écﬁ.géﬂyat egdh basgdron o heeBquahd OBeghirfment of
+ d gzly6 O where N is the rotating speed of

Iﬂh@r@gﬂxmr@ fcnir BRRCEANES WAshiAnér WHaheskerangeriod of
%h]&:_.he gﬂae{oyl afres%gggfof ih he-agi tAloLy s e Bhgh 4+

graV|ty evef Is sel ecte romthe group consisting
Obe@doud 1@ ikGealzouhi dHofawse?, labolt gél.('il/'iﬁﬁ) tsmfficient

abouyt 2000 ns-2, about 1000 to about, 5000 m § and
EHodPPEE0 HPhbsHEAB00R ng2sd THAWSE ot M siafdy Zone. The

sigong- iy aravil ycdevet ebghheragi bates eASEReS equation
that the liquids in the reaction zone are subjected

%% strong shear |nned|ately upon injection into the
reacti on zone. In one 2 gent, the nmetal salt
sol ution and preC|p|ggai2 gfreﬁ—a#@ injected into a
hol | ow created by a vorte uid fl ow as agitator

rot atﬁefg i the r%el Ny ZQ0%q lds It%ep%%fl%artgszl in rpm,

t hat |qU|ds are Injected directly onto
@@itatbheandnbavdlamemnFe@ndonk&peédt@el@@téa Qsamﬁéﬁr of

G0 AR GETOIEL R Bl £85) el o foelgl 8°FcBn ene
dzs:as;i Somsidtid ofeapshodil@dntte tdteouret BB0ERAIM-s"%, about

S0 ot L B o1 5%t B0 15 AR TR, and

eﬁiﬁxﬁiﬂdﬂﬁl ttar Qiuta $eact ner Thamper usyr bgungdidy sSaisérong
reaction zone. The inlets may be arranged i n nunber

gfm@rsa‘ﬂetp’enéwlon dthe Wi UALHAL desiGRUGESt hehat  the
ﬂcﬁﬁrds ﬂd%%l@ptzoﬁ&%féﬂﬁ{b%e%&%d to strong shear

immediately upon injection into the reaction zone. In one
embodiment, the metal salt solution and precipitant
solution are injected into a hollow created by a vortex
fluid flow as agitatoi: rotates within the reaction zone.
It is preferred that the liguids are injected directly
onto the agitator and have an injection speed séiected
from the group consisting of at least 1 n+s™!, at least 2

m+s™!, at least 3 mes’, at least 4 mes !, and at least 5

mes™t. |

In one embodiment, the metal salt solution and
precipitant solution are injected into the reaction zone
via a plurality of the inlets extending through a reaction
chamber surrounding said reaction zone. The inlets may be
arranged in number of ways depending on the structural

design of the mixer. In one embodiment, the inlets are
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WO 2008/ 041951PCT/ SG2007/ 000333 | ocated in a
di stributor capable of distributing the netal salt
sol ution and precipitant solution in the holl ow

woenesauettby vortex fluid flow within the rea®Cirse2007/600333

zone. The distributor may conprise a body having a
Al tn of dilStindirr eaghnal tdfedfllsrt%tlbaﬁqnaeegedmetal

[iquids. Ejection of the netal salt solution and
S@rletcu motlalrttlosaol andonpngglzait@mhat%%u*b@rej dot edher ohpllow

cre Hég %} t%%g%ﬁ%&h gﬂ%%rW1t51 ref ?QOthEne The

the ej ect to the |nner ed
d&@ltt:&bmto\mhemew heongheiare f ar deodg ma@ajn@d al@ldxmlmt@r of

odi [t solution an r.eci.pi t ant .
BIRSE! Grier e FospochFver Y 7h bled=rARG LAEu Dot FoRet ion
oZONEnY | actaparsdie i 8beESion and T}i@dﬂp@ﬂﬁtun:*;&llﬁ%bn may

conprise at |east one liquid outlet neans
aditgrRPR§ Lhdanisdanted rfgmm Hehe elae%%noist%nélﬁﬁéhbutor-

148 JMpdid¥e unld QRAT aligd 1 Ng@id hen1bad cb;00derr the inner

continuous node. Brief Description of Draw ngs
eggFhedctbrpanytagdrawhagsi thessher et Frerel sic oyamted.

enbogients angaginerto AL Ake PLLAC PLESLOLon  ana

t he |sclosed enbo I ment s be u rstoo
plﬂ@w&pé;ltanﬁ:haiollhlﬁ.dﬂ a\aﬁrngsre&r};madtemeglr}edlﬁgmpad pdsgs the.
of illustration onl as a definition of the

RPRriRo5oRE Tha PrRUARSTonbetefs. & eI tLon O

schemati cndkaMg NGird@ft amsyStesmp O sdralitngl &her one liquid
precipitate particles according to one disclosed
cuibEH MSANS FLgr IR rdRenst R TRAREHFEsifdwMEl e r pRaction

th%rgﬁ%ﬁp%h%OmQEENh hﬁﬁgeoBErQQEQ $hzed+%B0 RAELLChESe or
prepared in Exanpl & 1 below, wherein the scale bar is

ceotpmuand Fpge-2B shows the High Resol ution
Transm ssion El ectron

Brief Description of Drawings

The accompanying drawings illustrate the

disclosed embodiments and serve to explain the principles
of the disclosed embodiments. It is to be understood,
however, that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

Fig. 1 shows a schematic drawing of a system for
making the precipitate  particles according to . one

disclosed embodiment.

Fig. 2(a) shows a Transmission Electron Microscope
(TEM) image of nano-sized Zn0O particles prepared in
Example 1 below, wherein the scale bar is 50 mm and

Fig. 2B shows the High Resolution Transmission Electren
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WD 2008/ 041951PCT/ S&007/ 000333 M croscope (HRTEM
i mge of Fig. 2A, wherein the scale bar is 5 nm
Fig. 3 shows an XRD pattern of the nano-sized ZnO

wopasstisrdses prepared in exanple 1. 5Fi g. 4 sh®Rs/S&200EN0D0333

i mge of nano-sized ZnO particles prepared in Exanple
I@i@?&%pé"hﬁiﬁﬂg hensgal & barg | aL00,HBin the scale bar
Fig. 5 shows a TEM inage of nano-sized ZnO particles
p¥epared in Exanple 7 below, wherein the scale bar is
50 10 nm Fig. 6(a) shows a TEM i mage of _
nano-Biged3Cellovsmr ehclXRD ppepherd of Bdamphen9rsized Zno

ej C ' nm and Fig. 6(b) shows
%’g{ﬁ%%ﬁ%ne}g%eg%gﬁg%ﬁgﬁgemﬁér ein the scale bar is
10 nm.. 15Fj 9., 7 sh he XRD tern _qf. nQ-sjzed. .
Ce02 Tt i I BAHS cRar B TReEvanm &ogo AR T Sfreicles
pheysred TEM Exagel of Snaades) zedeCe? phet isckés bar is 100
IEﬁgnepared in Exanpl e 10, wherein the scale bar is 100

Fig. 9 shows a TEM i mage of nano-sized

Ce02 particles 20 pregare_'d in Exanple 12, g:%gerei n the
scal & War T sSAPOS nm TEM 1magg; of DHnQSdfGRs 4 PARSicles

palderdy of n NnaRempi 2eqd GRAZwRANH A PrrePaseshd Nbar is 50
Exanple 10 and Fig. 10(b) shows the XRD pattern of

@02 particles prepared in Exanple 12. Fig.
11 shows a TEM i nmage of nano-sized Ce02 particles 25
pr epdtiedt i P ERanpheowss lBel WM whBREEn Phe B2APesbhbaed Cel,

! Fi g . o -
G Do BT bt 11 e B ohar A T h Buaisl gopye par is
A gnmlZamshoRégt hes (XRD pladtver mhef HRIFTM simedeFedDAF3§. 6A,

Rartd gl 65, Proenared .n ;Bxqgple 17.
Fig. 7 shows the XRD pattern of nano-sized CeO;

particles prepared in Example 9.

"Fig. 8 shows a TEM image of nano-sized CeO; particles

prepared in Example 10, wherein the scale bar is 100 nm.

Fig. 9 shows a TEM image of nano-sized Ce0; particles

prepared in Example 12, wherein the scale bar is 100 nm.

Fig. 10(a) shows the XRD pattern of nano-sized Ce0:

- particles prepared in Examplé 10 and Fig. 10(b) shows the

XRD pattern of CeO; particles prepared in Example 12,

Fig. 11 shows a TEM image of nano-sized CeQ; particies
prepared in Example 16 below, wherein the scale bar is 100

nm.

Fig. 12 shows a TEM 1image of nano-sized Fez04

particles prepared in Example 17.

Fig. 13 shows the XRD pattern of nano-sized Fe;0,

particles prepared in Example 17.
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WD 2008/ 041951PCT/ SG2007/ 000333 Fig. 14 shows a
TEM i mage of nano-sized Fe203 particles prepared in
Exanpl e 18. Fig. 15 shows the FT-1R pattern of

worramn4siszed Fe203 particl es prepared i n ExanpCa/sG8007/000333

5Fig. 16(a) -shows a TEM i mage of nano-sized ZnS
partigi®s prepasgdesn Examphe 24.98d BF9. ndB6bY;i 58@WSFe,04
the HRTEM i mage of Fig. 16(a), wherein the scale bar
Paroighss Prepaqﬁcb.lm% tfe XRD patterns of

nano-si zed ZnS particles prepared in Exanples 21-25.

10Fi Fid8 howhoasTENIG nE§elBf PRaAAETHI Afd Zmg-sized Fea03

gﬁ“rcj i l.e132. Fig. 19 shows
}g |%£e%%%eg&£i%g ﬁsléérticl es prepared in

Exanmpl.e. 23. . Fi_g. sk a 7T M'nﬁg :
nan(r)r&LsJi%'ed ]fn@}parsthloﬁses alSTEerg@%%ei noéxaﬂrrp e%Zl%Ted Zns
Pt 1 e s howvesp sar kEM 1 nigempi e n2hoasiz@dgZn$ehhi t sbbes the

repared in npl e . Fi.g. .22 sho a TEM
PR Geat et 8 a 1§10 - pabereis iR eFER LG oo 10 5 nm.
Exanpl e 26. _20Fi g. 23 shows _the XRDrﬁgatt rns of . a
nano-Fs’igZ'ed1§n0%h‘g‘ﬁ?t'itaeesxﬁpeﬁéeftetue’? ERanpianogsized ZnS
B 9 1 2 S e o e FENIH MR@epaksnamezsi zed Ti 2

particles prepared in Exanple 27. _ . Fig. 25
showsrithe PRRRALS &f NEefidano-$if 28thoHs e2b 2ns particles
particl'es prepared in Exanple 27.
prepared in Example 22.

Fig. 19 shows a TEM imege of nano-sized Zn$S particles

prepared in Example 23.

Fig. 20 shows a TEM image of nano-sized ZnS particles

prepared in Example 24.

Fig. 21 shows a TEM image of nano-sized Zn3 particles

prepared in Example 25.

Fig. 22 shows a TEM image of nano-sized Sn0O, particles

prepared in Example 26.

Fig. 23 shows the XRD patterns of nano-sized 8SnO;

particles prepared in Example 26.

Fig. 24 shows a TEM image of nano-sized TiO; particles

prepared in Example 27.

Fig. 25 shows the XRD patterns of nano-sized TiO;

particles prepared in Example 27.
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WD 2008/ 041951PCT/ S&0071000333 System for Production
of Precipitate Particles Referring to Fig. 1
there is shown a system 10 for maki ng nano-si zed and

wonmereisized precipitate particles. The syst @GW/SG2007/000333

conprises a nolecular mxing unit 100. The 5

ggke&h{' by MbXbA-tid KOG LQMRIISRS ®athaehes 101
ose Space 1 C erirnes a.
react hoR. zpney 104AF: g WRi choygacti OnsRbwh he @?E@Em 10 for

salt solufion” and précipitant solution occurs:
whiibgr nEb-sligedcorpt i s@gransagedameqw1¢ﬁ§8f demﬂb!fcles

@ﬁggfkfétgﬁgc%%éc%%g Q? %ﬂﬁ%%%lg,d %lﬂ$EQﬁu§:hh96. The

re m xture wt act
mohectDiA. ﬁhelpgckmﬁlmed o2 conmprsessa di stahialpeor 101
103 havin two liquid inlets 104a.a

1
FBopBErPRERg PBecHIy QAR nEAFC St S QT Biang (FRRction

BHEET RO AN n SPhUEh ORcd 8t Dok hef I giae thora Z ofel t1 Ol ution and
15The packed bed 102 is nounted on _a rotatable shaft
ppScéPspered Balatidmgi PGENRAL axi SPPeprdsEReEd dyl also

E%H{SF}éQs Ehe ckad,bedn 102 4 srompnbed Adpacead bad 102.
the I engt h of e distributor 103. The packed bed 102
ﬂ‘sedmacéwdoybadwdtaﬁ lopavia dgulgh apbepul Ity §hst gfgactant

106 I n u e 2 0 tes t :
Iﬁﬁéé?r? ongl htl‘Jdl%ea é\xal;%l%gbé Of@ﬂ? Tﬂ-? Sg%geéil éj 102
&SﬂprSSeﬂ &Idudtﬁohﬁﬂorcaoﬁomawmhb tthe diistudidoutrorets 104a
103. _.The di stri but or ri.ses 0 av

26iaa0HE o rratenciirix SPRARE dhen i o kP Lut on
gﬁdbﬁﬂe1§£ecﬂgﬁtéhéﬁédﬂﬂﬂiﬂh Q3 d shien rklditdon zone 101A.
communi cation with inlet conduits 104a and 104b,

whi chrgg ephegpactied! ¥02 nikl uidhrae@men cat i@t atiablle shaft
metal salt solution feed tank 113 and precipitant

$8Putdigpopedd arank IrRgitheisglectifa AFRFATERHEE B0 1ine
?béo C@prgéé@ﬁe@nbég oyl et Gondued d87adan: ald %@glength

ormed precipitate particles to be renpved fromt
Qﬁanberdletrlﬁhbonaﬂﬁﬁpaﬁh@fpﬁﬁéeﬁob@éuﬂgﬁ #ﬁmdﬂ}vem by a

Yober 03035 R B0 ol Y W¥een Wencoy BByt ©

hStsanKEhtratéyesyhﬂmﬁrshait|r10§h&mamandt@enp&wmﬁmiuﬁinal
strucigéed arrangenent of a plurality of |ayers of
Wrtd h having a mesh size of 0.05mm The wire nesh

is also made fromti ium ,5A.te erature cket 1
sur r otRAsPEHES %%eiggoistb“régﬂfgt%PT¢EP% féture the
M 5B} Dpther 1 eact.i orhzongi 402 MAbuibe tipecapteskacket body
108 conprises a jacket inlet 109 for_all ow ng heated
haviingt 6oRdEe s a-FAREBESHLEN 2 1Y ANTOWiHy packed

thg flgd d +0c exdstsfipmehe 1eekals 108. fiuid communication
with inlet conduits 104a and 104b, which are respectively
in fluid communication with metal salt solution feed tank

113 and precipitant solution feed tank 118.

The molecular mixing unit 100 alsco comprises an
outiet conduit 107 for allowing formed precipitate
particles to be removed from the chamber 101. The material
of the moleculat mixing wunit is Titanium and alloys

thereof.

26



10

15

20

25

30 -

10The inlet conduit 104a is |inked by pipe 111 and
valve 112 to the netal salt solution tank 113 where
the netal salt solution is stored. A tenperature

woj2emsloetesild surrounds the tank 113 to regul aPeTSBR007/000333

tenperature of the netal salt solution Wi thin the .
tank d3. LACREAP pekb 187 Pasi ti@had Al ang ¢ heyPiReriddr in -
punps the nmetal salt solution fromthe storage tank -

dH®p¢ 0 Bhe r eaopirégesone 10X witunesd noreeangamentki ngf a

uni § 0, The inlet.conduit. 1.04b. | [ by:
%?%rea%l%ﬁy an \}éi\yveer%ll t%l?%eq%rstgci %Ifl‘tp%%?s Lslolqulﬁg“t%?lonylze ot
6 el arth < 38 neheresh20 st héspraeidpi faoh sdtaniwon. i s

stored. A tenperature jacket 119 surrounds the tank
118 tm tegid aitartde) dosimre NaiBu s rwictinids tthe chakb218101 to
A pu 120 positioned al ong, the pipe 116 ta pu t he
5‘?%&:{%6{ ahts ARG T Em "?htehjslf oFEﬁe ’ieaﬁﬂ?lf?%n?%n? he 012
FIeACtbRPe2808rd 0ARE Lt gDk eapt Bsed Xi NEdMHELE inlet 109
25100. ) A pair of flowneters (121,122) are
bosiad e alsrs achd piges o BRESFIEPY & despest prélgt 110
£ Lglﬂtcﬁutrhf oW rale of ckhe FRLAl 158l faspbutign and
the precipitant solution to the inlet conduits 104a
and - e . ¢Sh of; & he; cylar ,a,Xi d
unit %wﬁﬁgggﬁ %ﬁﬁfﬁﬁcﬁgg%s laSI ggéﬂggﬁe%ﬁlﬁﬂg%oﬁl an
tdleva eatli oo zZore 491, whithswaptéonsitsinkofllah vwinere the
s such. as nitrogen, air or _enrigh ' Tk
égﬁﬁflﬁik igoépééggdigys%Bred. .4 ggm8é¥§99re Fgcggé 114'
K008I OO SIRCTY S 0072 008338gplape nghgaseimpepathiee of the
chanmber 101 via gas-inlet 131 and gas.is noved vi a
it butedtt 1891utisn Wéﬂgras%e #BEA Lbhsi ot s BIFD 119
b4 1ogedhen drig | srdesigied tqiliisolagst Nenkeagkianl sait
zone 101A from oxygen. The gas zone 131A consists
wilwdiidier LaPR  SRCefiwRes ow§en19\ﬁeﬁ°i tthe gedrreep zone
Al dihedearhianizent 1916 Beiexpesed o oxygen,
thereby intensifying gas-liquid nass transfer. Hence,
the G35 zoRec{31Ai4,ab! ¢ohR fUNCEi0R-3S ¥ DRELLEI116 and
for isolating the reaction zone 101A from’oxygen 10 ,
wridreasi B/ gas puegereoipbhemict salvtdpn okggantankhlifewhere
react ant . m xt ure, il .he one, 131A | .
I e
desi sabkeuhdshave t hengad 1Boneof oregdrtta ntconpenpdsature

P

DA | hol ogi . i eyed b .
P THRE Gk bR oi AGPATET bPGnPoghea r i lphe the pipe

TEAGld GPud®Nehe precipitant solution from the storage tank
118 to the reaction zone 101A of the molecular mixing unit

100.

A pair of flow meters (121,122) are positioned along
the pipes (111,116} to respectively regulate the flow rate
of the metal salt solution and the precipitant solution to

the inlet conduits 104a and 104b.

The outer shell of the molecular mixing unit shown in
Fig. 1 includes a gas zone 131A above the reaction 2zone
101A, which may consist of an inert gas such as nitrogen,

air or enriched oxygen. The gas zone 131A is created by
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The distributor 103 ejects the netal salt solution
and the precipitant solution fromthe liquid feed
inlets 104a and 104b into the inner surface of the

wopasietsbed 102. The netal salt sol uti on andPCESG2007/000333

preci pitant solution 20 are m xed together and react :
ol 41 Xt el dgahacked had Y&-and dthe 31 and
%‘%gérbeérn%l.. The m xture passes through the packed&m 3a°
bedraoved wia afiwloudiliedctli3én toward the outer
surface of the packed bed 102. In the packed bed 102,
t he rihe ugesi szauhj 3ikd acasiBthi ght shéairogencethem it 1is
he. form.of ce i fugal forces cre qtzhe
r%?%’f?%nécf’ nﬁﬁ%#%f gﬁﬁe ﬁ%aaﬁlo%;éﬁ% t%éApag 28 5&d9°"-
102 ajacut zbhe | DIMTA t wdinzdlstaxi s£ 13 thaocordirngby, enhdched
m xture in the packed .bed 2 is_spread or split i
FEHGEH | HRSBr O s TGS TR hiAE {FFRGCIH 36°PRe 10TA be
SRS et b 1ox NMetekreBRgeinttiierf ikg hpgh-viqyid Ymass
field created by centrifugal forces.to thereby result
irans fRgh Heree 1 iR e1s afanPeaf LB ARspaLer 4P Tunction as

Epexgélﬁ{bf hg, ab1 saldg anh the sl Ridmanty 036l lﬁrioﬁpoxygén
This also results WO ZGOOS/ 041951PCT1S&20071000333 in
zzd | Asense gaEsCrPUNEXi 7P beoneent t Rd rmeehl o¥ygenangith the
t he precipitant soljt.iqns r t f ahig .
e gri  Pebbibea: ol e BBY 2 | BoIhCAT Fhdim 1o
rig®e () eihesshelarerbddimenits, whitc madependbagdesitrhble to
recipitant 5 solution used recipitates of
fo- s‘il:}i%d ABfal ZCRHSI cg:g%ni dféz,&ﬁéf‘al CSEPREIGIE - et ferent
BB axil e mRaihiod bgs ee0NperNdse arehfiererd. by injeédiing or

.~ magni tude of the centrifu%al force exerted on the

nHsg e ditianenthgasackdd thedne02epst 48P dRAt on t he
10 speed of rotation of the shaft 105 and the packed |
bed 1® Fhethigneert HE3speirrht rtefsatm%?lofSilE% solution

Sgf 140 r@?qFEESnQa%%QQtQ%Q-%%%mtiﬁblﬂiﬂﬁidtﬁged inlets
o] he h | f '

magni t ud 1gh gravity level or shéar force

ld4ad ngndn 10He nixter §he inner surface of the packed bed
102. The metal salt solution and the precipitanf solution
are mixed together and react to form a mixture in the
packed bed 102 and the chamber 101. The mixture passes
through the packed bed 102 in a radial direction toward
the outer surface of the packed bed 102.

In the packed bed 102, the mixture is subjected to
high shear forces in the form of centrifugal forces
created by the rotational motion of the shaft 105 and the
packed bed 102 about the longitudinal axis 130.
Accordingly, the mixture in the packed bed 102 is spread
or split into very fine droplets threads or thin films in
the micxémeter to nanometer range, under the high gravity
field created by centrifugal forces to thereby result in a
high mass transfer and heat transfer rate between the

metal salt and the precipitant solution. This also results

28



10

15

20

25

30

The nano-si zed precipitate particles suspended in the
15 mxture are renoved fromthe chanber 101 via
product outlet 107. The suspensi on of nano-sized

wopbesm4pist at es particles is collected in the PCHSGE07/000333

tank 140. The production tank 140 includes a gas

2 anket , J40B. r gsblng: RbQy epthgesh UFRY REtsuUspendednd the
precipitate 20 particles.” The gas bl anket 1408 is

doraied ey tgassdl st obeit oit0143r¢3¢tkedaBy a fgan i npet highly
142 in -the bott f..the .and ; a t 144 ;i :
Srae vy Rl Heha0s B00 R TSR Rfbrt o Rate e
faam then otpgeds )envhr eieht, ulipepdiintg ogenths imertipitant
SProte,ctive as .or 25 . . tsized fal
HEAST y ot onr BREETBADT b Rci pPat eBfRO 5128 meta
dHY RS dMIdRY gAsthi qubLi @S it r aBsher . hildieoxide particles
tenperature of the precipitate slurry suspension is
GRSy airgc f838e@d -t 0 a gi ven tenperature via the
tenperature jacket 141. The suspension is also

adeqFdrcempa3g tader add té’(ﬂwtci%ffgﬁ}sﬁu)ga\;’i & odGer egeriggaon the
nﬁ}x&:tut}%. S@Enih Mhd hgaéuéeerb%cpn 162N pe pepkhakhzedn the

mai ntai ned at a set pH value by using acid or
dyesel ofherdafttiom dthahep@haft 105 and the packed bed 102.

008/.041951PCT1S&2007100 cl.pi e.glurr

SO P RO BER P EChE RS FART Ro, poe ov
paikedsi ped prez) pitiat e lpageicl €se SEgmitlele of the high
Non-|im.ti ng exanpl es qof the djscl osedtﬁr ocess W ||

W& Vit HEV SdeS&r PHEAT FOGFEafEF et 81 TBY PHF et Ehce

to the specific Exanpl es hel ow, which_shoul d not. he.
consise a9 28y My IR FErg Fhe a0 8 oPerred in the
nilMeHe OBre removed from the chamber 101 via product
outlet 107. The suspension of nano-sized precipitates

particles is collected in the product tank 140.

The production tank 140 includes a gas blanket 140B
residing above the slurry of suspended precipitate
particles. The gas blanket 140B 1is formed by gas
distributor 143 linked by a gas inlet 142 in the bottom of
the tank and a gas outlet 144 in order to isolate the
ageing or post—ireatment process from the oxXygen
environment using nitrogen as inert protective gas or
intensify oxidation reaction of precipitate by

intensifying gas—-liquid mass transfer.

The temperature of the precipitate slurry suspension
is gradually increased to a given temperéture via the
temperature jacket 141. The suspension is also adequately
stirred continuously via stirrer 140A. At the same time,
the suspension can be neutralized and maintained at a set

pH  value by using acid or base. Thereafter, the
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10In the foll owi ng exanples, the particle sizes of

nmet al oxi de or chal cogeni de conpounds were determ ned

usi ng JECL- 1010 TEM (Transm ssi on El ectron
wokbwsremsopy) and JECOL- 2010 HRTEM ( H gh- Resol BCTS62007/000333

Transm ssion El ectron Mcroscopy). JEOL-1010 operated

pﬁ:tecl.L%qlf:%\t{e\/‘@llu%rj]/Egﬂs%&%llﬁl operatad MsKOPkeNd isoclated

Sanpl'es were prepared by sonicating the suspension of
tretoditagxi $beonanhabteg@nPuecERhpdLM AR FGCIE i nut es.
A drop of the suspension was placed on a fornvar
carbon coated copper grid. The copper grids were
allowed to dry by evaporation.in air. 20The secondary
particle size distribution of netal chal cogenide
conpounds were determ ned by Horiba Dynam c Light
Scattering Particle SizeExamplesr LB-500. Sanpl es
were_ prepared, b uti-ng th sispe qn, of nef a .
chal DRen L LBt SarTE N 1ohy SHEP P85 Fanny vt
b5 rattwert deisceibalic@hokhyeatell avedibybgonetatennef b the
20 m nutes. The crystal structure '

SPEEHERFi CXEMBACRad e M DEN JPWYF ARk iRy construed as
1G1Sfaln@aqéy XRR: 6909 Poudes Bk fbf achomalvimt i .h Cu Ka

radi ati on. Powder “diffraction sanples were 30
prepdredthy disdilnyitite sxepeAsisen BRemgayticle sizes of

l | C’ W l e ine
o cousale SPTIONILAL, o DB 500 ot Biines

w@eDEmaslﬂmenTEMeSTEdanussapnaEmﬁtnunnsumpreSCONE) and

BRSO IREASRAOTEONTT o hLG, LOLL0M Bdecrron

MRafrbisebp§) WagEDhe 19y ot ei}]ﬁel:&t@ﬁ des C1 6 (el adloy/e WIEDL-2010
reference to_Fi nples 1-8 Preparatlon of

. 1.
0N556t§ﬁzéﬁiP%P?E%Ves%ﬂmR%Qﬁ:Vﬁ?ﬁepEfgﬁﬁF Py gericating

t%lal Ot el §80eadii nodeseniczedek Ml dogdtffe 18okBounds
form5.0 L zinc salt solution with concentrati on of

fapo R0 QuiIBItRs e B -drapdofh&hesoIgnicAorh&aretRiacad ton a
f%?ﬂl%all%arbon %éa‘c% \I:\%%Efo wildonTWet I'Eopper grids were
of a S

concentration -1 was prepared by
adilswebvtngdanhydr evsp NeDHL om tm alr '

The secondary particle size distribution of metal
chalcogenide compounds were determined by Horiba Dynamic
Light Scattering Particle Size Analyzer LB-500. Samples
were prepared by diluting the suspension of metal-
chalcogenide compounds with DI water or other organic
solvent {(i.e. alcohol), followed by sonication for 20

minutes.

The crystal structure identification was made by_ X-
ray diffraction (Shimadzu XRD-6000 Powder Diffractometer)
with Cu Ko radiation. Powder diffraction samples were
prepared by drying the suspension of metal chalcogenide
compounds in an oven at 80°C, followed by grinding the
dried precipitate to a fine powder. The powder was then

pressed into an aluminum sample.
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15 water and then stored in tank 118. Al reagents of
chem cal grade were used w thout further
purification. The above zinc chloride solution

woane/edH sol uti on were sinultaneously punpe®catsGann7/660333

fixed flowrate of 0.4 Lmn-1 respectively for both

sol utiPNghient o1 NI RACLKORL 205 70hel08HsPbmt R® make the

mol ecul ar mixing unit 100 via distributor 103. The

PRt st s thid e stvaodma aipdram bk 325subesy above
). X4 tjng step. An imedi ate

%%%%%e&%ﬁcﬁgagﬁ iqv'ory-v\hite col our fornmed and

was suspended as a slurry. 25The high-gravity | evel

of the packed bed 102 vas at, a fjixed |level of 1579

ms-2. The injection speeadnsf or t]he two chloride

sol utBedatdtin icfuiNdnbRrkekzed1Bdathntled Odd Dbde (kide

ms-1. The residence tinme in the nolecular m xing unit

100 was fixed at about 20 s. 30The slurry suspension

lected in the product tank 140 for post
chem cal aging process. The tenperature of the
sl ur r3irsysplehar b@e | Haphallsga ve40 Wasdgiadised y (DI) water

inhc ed fq o0 0 ' -ank :
Yh0EP o105 Lhel) SETb077 600557 Lh0 as hgr  SPRGTRM e ©F
dhventt ePrpEs amal eLTi sedt chsmonptardbatnt thasfetaindalo tank
1zalv:{:)i d sedinmentation of the particles. The pH

val'ue and the tenperature of mxture in the product

t ank 5140 merngor! eseliyiownwithedonthatphtvahuefwaboht 0.25
mai nt.ai ned between 6-8 by adding 0.02 pol-L-1

HC1 ,
Miriing tHE oPEERATSt efFerdtIn Ti%%e. 2R PRE NaOH in DI

wAmer iy e ofent hacowspenshoncsgge 108 75G1L h&eagents of
suspension was left to cool to roomtenperature (250

Fhemigirdutg RGlenance st ePhys Ehagpaf ur FBAT R L F Rt iPn -
the syapeasbon athd Nenionidd duedul9opas AeCRISEC sotution

away. The remaining mxture was th iltered an

weashedimiil habeowal er pulfpedwesthed prigtici fave waget heh 0.4
col.l ected_and. re-di spersed.in ter_t r n :

Shar £raPastbiebentrn L iryssouiG) Sl afot§) Thfgeaction

zbEd artdl 2HREM heragelse cafl ab5 miariorgs wgd 20 pdrat iddlsesibutor
repared in this exa an_be seen from

le. It h .
R eShehdeothankremtge ftd e PO GFmERORLUTe (25°C)

RafitdC| eshdasmakedly 1%nam anghddiendor phep 0gyaaf tiidediate
particles was near-hexagonal or prismy. The steepness
HAGiR iR tEhehpui iy cP8s TRy B hiiR sedeHParkP Rl sl was

suspended as a slurry.

The high;gravity level of the packed bed 102 was at a
fixed level of 1579 mes™. The injection speed for the two
chloride solutions from liquid inlets 104a and 104b were 5
mes™l. The residence time in the molecular mixing unit 100
was fixed at about 20 s.

The slurry suspensicn was collected in the product
tank 140 for post chemical aging process.

The temperature of the slurry suspension in the tank

140 was gradually increased from 25°C to 75°C. The tank
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20 particle size and particle size distribution of
ZnO nanoparticles determ ned by Dynam c Li ght
Scattering Particle Size Analyzer LB-500 reveal ed an

woaveransl particle size of 90 nm havi ng a hal PCRISGRI7/0§0333

30nm when water was used as di spersion nedium

2861 Gas3 aﬂl@é@:e@edﬁ@l ather tpetrleuRranoridgedo Zpomot e

particles prepared in this exanple. It can be seen
heam tHaps3n ad thse agojist gedsppabbien v@s Epaoeirticles.

crcl B OhY LA SO O rjrcuze 1o e

Zroducth| vanldel i swedirssolvedly nmdei boiséd TDe) pilatvedue was

to form5 0 L zinc salt solution w.th, concentfatj.on .

B 10 G P 6481 Per P 300H 500838 Bholiig s RCE" during
ﬂ@éw%Iaéuﬁﬁdtéﬁ§@r§t@f@driﬁeIhHhﬁﬁtﬂheSabmpéaEkuiéBDf the
.0 L NaOH solution_with concentration of about_0.25

HetRens iRl Prepared 7By Cdi S961 HRPRITHYS OIS NGBHF i RO coot
Pc% 2o0AL efedid- e stored) i edrankpdd8. 14 | mi£2888A! S Phase
of chem cal "grade were used wi thout further o

pepafitciari opccurred The thisovalsHensien| gifiet Ry GPPod1quid
and NaOH sol ut | Ll 1 AAunRed 32 filtered
?ie%e?af%tﬁdradea%g'fvﬁ{.ei {éﬁ&ﬁ@ﬁ%@égﬁ%ﬁ%ﬁg} both ere
sod ubhoinsd | mitioh t b8 weaeti ofhé0wached1@0tAcaobithee was then

noj ecul ar m xj ng unj.t 100. The reactants were hel t
‘F’%Jolrﬁcc eraétCLr gelfe(—fssltﬁpeoﬁfrei%g Jtnhe%?r[i xiwr‘%eéfnde.cro eaé‘% ir%'g Zn0
BAePha AL dIBE duiRrRriesi.pi tate having an ivory-white

col our, formed and was suspended as a slurry. The,

hi gh-Kjrgis t ¢ (Revelndf 2lke pRed Thd 3 \H@Ea’t ipages of

fixedd avel 78 12740: BBSs Zprdperddj £t tRNsSPREfipher 1t can
the two chloride solutions fromliquid inlets 104a
lon 05 A bEWesE £18 nBlaur Thetradsitdencwaiage ineatHele size of

e I, X unj 0 fixgd haP £ th
AR Bl TRd el Mot L ¥ oS e AROHIRSTRdy gf tne
panki A f orasposieaaghegagroeésseor  prismthe The steepness

tenperature of the slurry suspension,Ln 1
%@%ré’ aI%P? i%%péhggﬁsfrlo% gS%t ogsgc.ggﬁ%ﬁ%afg%g rage
Bk 1d1ee t enpey atarn® gfariddle e diret heliprtadbaett ittank of  Zno
140 were cl oselg noni _tor(fd. The §;H val ue vas

PARPR ST Higd-es etermine by Dynamic Light

Particle Size Analyzer'LB‘SOO revealed an average particle

Scattering

size of 90 nm having a half width of 30nm, when water was
used as dispersion medium. _

Fig. 3 shows the XRD pattern bf the nanc-sized Zn0
particles prepared in this example. It can be seen from
Fig. 3 that the crystal structure was almost exclusively
related to a hexagonal wurtzite crystalline system (JCPDS

36-1451).

Example 2
Zinc chloride was dissclved in deionised - (DI) watér

to form 5.0 I. zinc salt solution with concentration of
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25 between 6-8. The tank 140 was agitated during the
tenperature rise to pronote heat transfer and avoid
sedi nentation of the particles. Wen the tenperature

woQebosioh®ssuspensi on rose to 75C, the suspensi @aTAGS067/000333

left to cool to roomtenperature for 30 about 10

Hut e5. 18hase . BEPRL I HbPCStEF&d im the SUERENSROA tank
and the top |liquid was decanted away. The renmi ni ng

M Xture was then filtered and washed with DI wat er.

The e nder
T00s) Dot RRGE BbL AL FoNty éghdu%é’%g%g%gﬁgo% B’ fpouo. 25
ol N Zn @rarsanppaparedi edbysudpersiomg anhydThes aWeCig e:Ln DI
artlcle of ZnO rticle S ut n
t(‘e‘glfrorfiﬂfgl Ju¥of SR %ar tlncl Wgwasﬂr)]ééar Al]é heq;xegla S of
?}ﬁixﬁ;[d_:l_ﬁl‘rygraﬁte Jﬁéreaemm Ml&&ﬂoutoﬁuthﬁepapﬁjrj:fﬁ&ltmn .
e secondary average, particle size ticle
si ze Hist FPBYEI FENGT FhEPRY %pgloﬁuweg Paﬁgawgﬁl[‘ folution
s@é’ﬁé agemRatkheb8s 82 ualpc00mMm Ravinga habh Wedh of 0.4
30nm V\,hen wat er was used as di spersion nedium The

Erybnal rsepgctarvel Y0 fnds RAtbssobxeiens vepyor Ehgt egaction
hhé 4g§}<§g§g%%g&%i%&ﬁl&t:yﬁﬁﬁhhbn%n§¥5t1@6‘ (3£BDScactants

_ I'nc nitrate’was dissolved in
wetonskd D joumt eempar dSifeor @50 Wuziing $alet mixing and

PELA LD, U ORI Ll ABbcks L ony -
white colour formed and was suspended as a slurry.

The high-gravity level of the packed bed 102 was at a
fixed level of 1579 mes™?. The injection speed for the two
chloride solutions from liguid inlets 1042 and 104b were 5
mes"l. The residence time in the molecular mixing unit 100
was fixed at about 20 s. '

The slurry suspension was collected in the product
tank 140 for post aging process. ‘

The temperature of the slurry suspension in the tank
140 was gradually increased from 25°C to 75°C. The pH
value and the temperature of mixture in the product tank
140 were closely monitored. The pH value was maintained
between 6-8. The tank 140 was agitated during the.
temperature rise to promote heat transfer and avoid
sedimentation of the particles. |

When the temperature of the suspension rose to 75°C,
the suspension was left to cool to room temperature for
about 10 minutes. Phase separation occurred in the
suspension and the top liquid was decanted away. The
remaining mixture was then filtered and washed with DI

water. The washed precipitate was then collected and re-
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5.0 L sodium carbonate solution with concentration of
about 0.6 nolL-1 was prepared by dissolving Na2CC3 in
DI water and then stored in tank 118. Al reagents of

wo200smheisi cal grade were used wi t hout further PCT/SG2007/000333

purification. The above zinc nitrate solution
AhNE2EDB 56l utgIon warersi nid t ameens! yzunpednabagticles
fixed flowrate of 0.4 Lm n-1 respectively for both
THERASRE i nto the reaction zone 101A of the

Mol eqylears yirslgRg g Q0. siTthe &eagh@nbsrences ewhs! doout
at roomtenperature (25C) during the mxing and

Yeaom ngndt ephe Amdnphedhagke mfectlpﬁtétaervﬁ'q*ﬁg &3S near-
i vary-whit . f d suspended ag.a :
hsﬁ\giaalg)réym ot cpqiﬁgsgr[%eﬁﬁ?f ﬁgg %%%sel e%at(lpoﬁ o? tehgartml@S
ipacked belde 182cvmdaaly avidvege |pvelicdfe 16573 nsad. p&heicle

i.nj ect.ion, ed for. 30 the two _chloride sol utions '
GO BUTAPBL 81 OAS ABCHORD GaPE EoRESIoUTRE average
P0%iideBcaitiem  nldtemmhhetnhan Matifngridtn dO03¢@s, when
fixed at about 20 s. . The slurry suspensi on was
wadierre ¥egd WSkt R &Wswweﬁmoﬁhsog YBEpL gErprture

WA diyb09 RLRGeSSveARASee1¥@d  to a hexagonal wurtzite
2008/ 041951PCT/ SG2007/ 000333 sefar ation occurred in

arystedd penspyatand (FREDBopSHL Gt U- was decant ed away.

The white precipitate was then washed by 0.05M 1. 0M

amoni um solution for 3 tinmes and ethanol for 3

Exiampde Bhe resulting filtrated cake was dried in a 5

vacuym oven, at 80C _aover. rs .and then calgi ?89) at
'S

12 ]
200061FGr N3hFate Was dh§SOLVERadE J5PPPEPRYs(R) oFater to

43R mant ircl fisid nsabeveopavdesi wash abonteddr s @mdo £ hebout
nmor phol og% of the particles was near-hexagonal or
T

OpPi §/y *LThénsk EdsResdarad drof hPnBeTR! paf th charkiLls-
1. 6. sAR X ayidinf Eaasleghamsef uthendhied saABkRtration of
i ndi cated exclusively related to a hexagonal wurtzite

aboyst 4416 reekylst emaE) GROS BB 481 ) diExahpieg 4Nesfncin DI

wg%g&at Gndi h%fﬁ'%ﬁ“ e 1854 ssQ! vieghi n et hangh tQ bQEMrs of
. L zinc salt solution with concentrati on of about

chenmbkbilgaadet hene stieeddwiihhohe fetthes ghuritfaslatits.

gtoﬁggﬁ %ib%vlé Nzagl_lcs%i%ria 23 V\ééfm%?onr{:egacriaqﬂiaQEng solution
were sirr.tultaneOusly pumped at a fixed flow rate of 0.4
Lemin' respectively for both solutions into the reaction
zone 101A of the molecular mixing unit 100. The reactants
were held at room temperature (25°C) during the mixing and
reacting step. An immediate precipitate having an ivory-
white colour formed and was suspended as a slurry. '

The centrifugal acceleration of the packed bed 102

was at a fixed level of 1579 mes 2.

The injection speed for
the two chloride solutions from ligquid inlets 104a and
104b were 5 mes'. The residence time in the molecular
mixing unit 100 was fixed at about 20 s.

The slurry suspension was collected in the product

tank 140 for post filtration and drying . process. Phase
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20 nol -L-1 was prepared by dissol ving hydrous NaCH i n
met hanol and then stored in tank 118 at 30C. Al
reagents of chem cal grade were used w thout further

wopsiozisat i on. The above zi nc acet ate s®CBSGOIV7/000333

and NaCH sol ution were sinultaneously punped at a

seipaed tlilbaw Jata 1@y Girft 28e LEuRpknkeshehiavelne fosp  1iquid
both solutions into the reaction zone 101A of.the

wids| edafiartan xaway unfhe 1001 CehenasiRdiater 3% then washed
bgal @%N’ful ! Q&ngﬂi%rnlgleR%o%el }.dOJ.at Bal%ﬂ'ﬂesg_oarg ethanol

ring the mxing and reacting step. An i medi ate
flored piimete hBvé ngeanltiogy-Hihitreted| cakef orased3ed in a

and was_suspen s .aslurry. TF L gh: Vity o
VBBl S aest W 15 Rsent WP et iEf 4 2007
fE272nhe8-2. The injection speed for the two chloride
solutions fromliquid inlets 104 nd 104b were 5
2008F0#1 ST EPCHPSET0H VG0 3357 s OF azf‘g)e Bk e 1% xgbo"e
poftdkhe yarl agylar 181 Xinh@ndnithel@@ rpas1biyedrathabpitticles
20 s. The slurry suspension was collected In

wEfe NRaddicxageRe 114  HRESBYspahsi GteRREessf tratd cgof the

pggtﬁeseg& { £MReErEA! UAG: L _%ﬁ&%&%tcitegrgﬁ%f edH dried
the suspension and the top 1iquid was decanted away.
sahp leendindicg teiixt wxe lwss vielon fidlagres arel washbe@xagonal

p Leeri o |
kb -EBI FERbat hnaC, S EF Sl SR o B AE: "or ot her

organi c solvent to form ZnO 10 nanoparticl es
suspensi_on. Hence, the discl osed process all ows
ExgeRieoRi des, such as zinc oxide, to be directly

synt Reskz e etatROUW; I pacd | 9s0lisBbekBRdIiM endhanol to
by-product zinc hydroxi de species. This neans, t hat
forfc SoXi de Zidde $H & heo b sEPHsEHtR 5CprotREsa ey Pt about

1Nay8 Lo1bgngi @h%rfds@éré@k?cﬁ YhPtROFa POShIET QLIBT3 at
process. The average particle size of ZnO

5p&ticles prepared in this exanple was about 6 rim

The gt §ERNGEH aé!)fu@ oh h%i%?ir tcjo%lc%%i;i %t?m?i: -@qeabout 2.0
secondary average pafticl e si'ze an 9] par i e §1%e
mail sLTY bus @reph r2dObyanidpailivilngs hyelreasetiad avemagkanol

ticle size of 30nm havi hal ., wi_dt 10
ert ST handP His D0 didfer 8F ot hai it |k SROFRFS ©F

cHehl Fatt ggaas w&ré hesed i e S| £attrek € ahad filvat ibhe
crystal structure was al nost exclusively related to_a .,
25 hERBgFARAVEWRERFt AR VRERI ISH et eff a0 solution

wabe 149kl RHRI8 © pumped at a fixed flow rate of 0.4
Lemin? respectively for both solutions into the reaction
zone 101A ofr the molecular mixing unit 100. The
temperature of the molecular mixing unit 100 was held at
about 60 °C) during the mixing and reacting step. An
immediate precipitate having an ivory-white colour formed
and was suspended as a slurry.

The high-gravity level of the paéked bed 102 was at a
fixed level of 1579 m*s 2. The injection speed for the two

chloride solutions from liquid inlets 104a and 1064b were 5
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ZnO particles were prepared in accordance with the
process as described in exanple 2 except that the
NaCOH 30 concentration was increased to 0.3and the

wof2oowd41959i Ng tenperature was increased to 85@CT/SG2007/000333

The particle norphol ogy and particle size of the

megTdparhkckesinascangiyeegdnbyhEENcandutaul gikengeanit 100
fromFig 4. The particle norphology was found to be
a5 Sihegsk 2t WooRt08P0£1951PCT/ SG20071000333 The

partifge sigeref =% ?Eshsqbﬁmﬂaeé W@§1EQH@Q ¢ bend0 p'}%uct
and havi ng an aspect ratio of 2-4 X-ray

i r acidOgr diheof SuRPahsiied samsl ellerfﬁl c&vedcprRat the room

Juc e Lyal v e

(Al T e, 882 D200 PEEUS K i Sl *SuBesion
BB 145E) . thranpliqubd was Zikrpared claa&a_wver @her epamedning
i.n accordance, with.the process as .de crl [
e o Enst | EaaresBio SEh rltt PoRphbapgl three
{4514 72D ) wiEse dSpdeaspl et &i n@ssairien &ftﬂllé’tﬁ:é\lﬂ(lihd re-
concentration was increased to 0.5 nol -L-1. The
%ﬂqrﬁ Hﬁr%ol"’é’&;‘?raﬁ& |6’§F‘€FCI°§9§‘F‘%€ §Pl¥RBTt to form ZnO

ttllcq_|e§SS\A@§eﬁg§lDMZGd by TEM The particle
nor phol ogy was found to be near-hexagonal or prisny.

The pandesl eths sdimclesed opn@cesSheaBovs mmetigd oxides,
t eepnes ti th [ . :

ST aET G S Pise Gl ot (BiER S Sl SARY  paenout

ropgsicali ost ratt uneewasdabrestoextiyupredhytir etiatedhiyydraxide
hexaqgonal .,wurtzite talline tem ( JCPDS

SRECIFST) TG Eeans GPAC 21nd oy de fiads cin the disclosed

piceeake dds ageor d@ﬁv@e ¥ t Bet hei ireeRBSoAs tdeser idedother
in exanple 1 except that zinc acetate dihydrate
PE2A(BAERSPEDE) PRESS8Sed as the zinc salt and its 25

concenkr alvdehgeaspdrdi Y LsizcapRd they '\95}":101\95 prepared
concentration was increased to 0.2 nolL

in this example was about 6 nm. The steepness ratio of the
particles is 1.4. The secondary average particle size and
particle size distribution of Zn0 nanoparticles revealed
an average particle size of 30nm haﬁing a half width of 10
nm when ethanol was used as dispersion medium. An X-ray
diffractogram of the dried sample indicated that the
crystal structure was almost exclusively related to a

hexagdnal wurtzite crystalline system (JCPDS 36-1451}).,

Example 5 _

Zn0 particles were prepared in accordance with the
process as described in example 2 except that the NaOH
concentration was increased to 0.3 mole*L™!, and the final
aging temperature was increased to 85°C.

The particle morphology and particle size of the
nanoparticles was analyzed by TEM and could be seen from

Fig 4. The particle morphology was found to be rod shape..
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The particle norphol ogy and particle size of the
nanoparticles was anal yzed by TEM and is shown in Fig
5. The particle norphol ogy was found to be

wones4pptani d or 30 half ellipsoidal. The paPCEGa007400333

size of short and long dianmeters was found to be 30
B Bl A Xed ayf diddrtacd oghiamn nfwdhefcenddtsappl 830 nm
i ndicated that the crystal s%rgcéur&ﬂ s al m)stff .
AL IR 21 R IPRTE t BP B heRhgonar ®lr tziFf diiiractogram

&Yo@l hiDeqsys ( JGRE3Sa36ul4dl): tMO crystal structure
20081041951PCT/ S(2007/ 000333 Exanple 8 Zn0O

voar t péMestwercpieipmled Falakedr déhce WierRqel wurtzite
AAEITiAe g?%‘&%&angcbﬁse%@@h?l .except that ethanol

use a solvent to dissolve the zinc salt and
the concentration of the zinc salt was 0.5 nol.L-1,
E@{nd tlréeGNaO—| concentrati on was changed to 1.05
HoT Fro1 Particl e morphol ogy of the particle
prepamned parthiBeeXangpke pypareat - pyr avicrolanpei smth the
The average, particle 10 size_was about 10.nm The
RAEE5eSS FRAE 1P HE SAPIPLFead 282y, Erits 2 fResul ate

MR LAY e AU PAKLO L] Rasi a8 cNtapachiClAny z&alt, and
dirstribution of ZnO nanoparticles reveal ed an average
ther MNa@He copgensratonm Kavi AECEEREEY W dt 0 a1 nm

when (gt.ha u HaPeLSion apdi i AL T3¥ th
AR st e ST cated 1 hat o
Hanepemyd cdk ss esc ttaied ywas  alynEM . efoleu piavgliyleemarelology

t.o a_.hexagqonal , wurtzite cr LI ( IGRDPS :
WS- 15%11513 %)?an%?esne@-rl ef&é?%%alra |o§%§%’ﬁ%no-séljzgartlde
Rakt ivdesiotin@erdidunbéxidde mxanphe Steepness ratio of the
Ce( NCB) 36H20 was_ dissolyed in DI. water to.for O L, .
PeEtAGeSal +5sot Wi oAt wi %lﬁr%y c&ﬁctéfl’ﬁalczloﬁgﬁmofogbg&e dried
D125 IRbetadeand Haftentpéorad, dunlt herpetahrsaldad agkmost
11 5.0 L NaOH solution with concentration of

s iged ynorelatieadoprapdced apadi sEuF it crystalline
5tay:g@éqlr o] @E%glggld_a;;@hg wat er and then stored in the
a

nk 118. reagents of chem cal grade were used
wi thout further purification. 30 The above Ce(NO3)3
Eg‘tg! gtli og and NaCH sol ution were simltaneously punped
a i xed flow rate of 0.5 Lmin-1 respectively for
bot h zadl ubaoniscied owklne rreapsmEY zdome at@bAdehcehevith the
5?@5%%%'%% é§CQQb%%|En1%%a%%l%5§ %%cgb¥ %ﬂgt zinc acetate
dihydrate (Zn(OAc),*7H,0) was used as the zinc salt and its
concentration was 0.1 mol+L™, and the NaOH concentration
was increased to 0.2 mol-L™'.

The particle morphology and particle size of the
nanoparticles was analyzed by TEM and is shown in Fig 5.
The particle morphology was found to be near-pyramid or
half ellipscidal. The particle size of short and long
diameters was found to be 30 and 50 nm. An X-ray
diffractogram of the dried sample indicated that the
crystal structure was almost exclusively related to a

hexagohal wurtzite crystalline system (JCPDS 36-1451).
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WD 2008/ 041951PCT/ SG2007/ 000333 react via distributor
"103. The .imrediate precipitate ranged from
whitish-grey to red-violet-grey. The

wohbgagsavity | evel of the packed bed 102 wa®CASG007/000333

fixed | evel of 1579 nss-2. The injection speed for

the two 5 chloride solutions fromliquid inlets 104a

and 104b were 4 nes-1. The residence tine in the
EspeBl®a®f nixing unit 100 was fixed at about 25 s.

The shupr ¥ -34SPERSI Qfle MBS EeARYEd fiomibe-apieculakn th
nixin% %n%?’loo and collegteggin tﬁg'product t ank ©
pa0ceTheasOdeeapébatuie ekampéesds BEesosn thad raigiagial was
i ncreased to_85C with_ viaggr ir ar_gi f t
R T Aouror Tis At et aiBust TP ARy peIF [ che
aghtahoradd4®A of the ThénpHswdltuerandoOt he mtcdnpét at and the
of mxture were closely nonitored e_suspensi on was
Rapl: SPRt o S50 797 SRS, Lode, RGLEH <t .

the spurtycrdangeenbrogy vbel ehegbpaytielbi ghtpared in this
mal t - brown to white-yel] ow At the end of 2

ReaFRle t e ss| M3y RUSHENS BF WS Fref tTR® E36F3E6 Rihicle
LeUReLaL LSO dADOHTng> Ohne FRASELRERATAIL 0 HCOUIL Bkt cles

e suspension and the top liquid was decanted 2
amayabout 1.%he Tlemiswaegdeiryr ryversdeur @andd cfliel t eked and
and hed.w t h,.Dl ter.. Th e reci pi.
R L N
theatepfRg@maporisi zbsl pard | of esOrsuspensigora REH gsidi(a)of 15
and 6(b) show TEM and HRTEM imgges of. t he ngno-siéedxm
BBOZ Y 1550380 or Epar 83°%Fn i SUREHIE FEOEHR pgD Xray

seepricomidie fdouras t haticdhesavprageip@icied® sifr the
of Ce02 particles was about 6 nm and the nnrphologg
6FYPhel pHIuUateT enayasubf E1eFE NS INSig§dnal reFpeed to a

BLESHOESE hald 230 af, A 10gkt isGheaml oépAs IHL1451) .

secondary average particle size and particle size
di stribution of Ce02 nano-particles determ ned by

CE500 r eveal ed an avera3Benset Pole oi ze of 30 nm

havi Pxersa et fonnicht Nagio-55 zedh PavBicles of Cerium Oxide
2008/ 041951PCT/ SG2007/ 000333

Example 9 .

Ce (NO3)3*6H,0 was dissclved in DI water to form 5.0 L
cerium salt solution with a concentration of about 0.2
mol«L! and then stored in the metal salt ténk 113,

5.0 L NaOH solution with concentration of about 0.6
m_ol-L'1 was prepared by dissolving anhydrous NaOH in DI
water and then stored in the tank 118. All reagents of
chemical grade were used without further pprification.

The above Ce(N0;3)3 soluﬁion and NaOH solution were
simultaneously pumped at a fixed flow rate of 0.5 Lemin™
respectively for both solutions intoc the reaction zone

101A of the molecular mixing unit 100 at 25°C to mix and
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Fig. 7 shows an XRD pattern of nano-sized Ce02
particles prepared in this exanple. It can be seen
fromFig. 7 that the crystal structure could

woesmlusisyel y i ndex to typical face-centered- ®abiS62007/060333

fluorite structure. 5 Exanple 10 Ce02 particles

We£ €t Prepar edi sHr aseosanc@s W thd heinpicatiess: aprecipitate
descri bed in exanple 9 except for the follow ng:
ranged HEQ WG uh i v s o FERgEd L 6T afRBhi a sol ution

10( 1. prdoh s ds dravity level:%f-ﬂﬂ%'ﬁﬁﬁﬂédoﬁed 102 was at a

t enper at ure” was changed o 85C. 3. The agi ng
flnedfb¢vehspéné56ﬂ pnsprodirst indmictias ekasgdedorotde two

@E#J:ée par 8 SIIPQV\EI& TlE_L dl@%ﬁllgtst q%4%a%%dSI1%%g were 4

es prepared in 'S exa I't "can
westt. fmh&mEegld&nbbatimbe1avem&gemﬁ@cuﬂekemexzegohnlt 100
CBOZ |cIe Séﬁ£OUt 8 nm and t he nor phol ogy of
? Aed i%c or near-hexagonal . The

Steepﬂﬁ§351@ir9 glispbespafit WekegendvddSErdhe the molecular
secondary average particle size and partjcle size

i &ER9 i onl O TR X HatRE R tittIde RGN &dny 139, The
ﬁ%&&ﬁ&ghbfscﬁﬁéeréd%eﬁ%ﬁbhd Rasl %:%p&@@:yyzﬁﬁcreased to

00 reveal ed an average particle size o
$ﬁﬁ¢nglahhanQOWp@§haﬁr]Epaﬁﬁlﬂggfr@mathﬁo@@saﬁhﬁmilbUtor

gélteﬁaq eéq&ar{q 5 A8 r?i é g%]thglg)ssﬁgéﬁpared in

s exanple can a that the
crysteie smuctruleeccaﬂcd tkel utsemge&:;eﬂuzcbexotfo m:,aputcza& were

ce-centered-cubic uorite structure
%@&W paPPFEPES F&eprséﬁ? SR acacsorra%h% ?%1 Fhe8°°C
£50CeShAsrslesonirbag ivhiexarphe, 1Qhexce1p1r:tyha¢:hm@ed from
concentration of ammoni_a sol ution mas changed to
Weplet—grey to light malt brown to white-ye

At the end of 2 hours, the slurry suspension was left
to cool to room temperature {(about 25°C). Phase separation
occurred in the suspension and the top ligquid was decanted
away. v

The remaining slurry mixture was filtered and washed
with DI water. The washed precipitate was then collected
and re-dispersed in DI water to obtain the Ce0Q; nano-sized
particles suspension.

Figs 6(a) and 6(b) show TEM and HRTEM images of the
nano-sized Ce0; particles prepared in.this example. It can
be seen from the figures that the average particle size of
Ce0, particles was about 6 nm and the morphology of the
particles was cubic or near-hexagonal. The steepness ratio
of the particles is 1.4. The secondary average particle
size and particle size distribution of CeO, naho—particles
determined by Dynamic Light‘ Scattering Particle Size
Analyzer LB-500 revealed an'average particle size of 30 nm

having a half width of 15 nm.
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WD 2008/ 041951PCT/ S&2007/ 000333 TEM anal ysi s
result shows that the average particle size of Ce02
particles was about 5 rimand the norphol ogy of the
wopesstoupkes was cubi ¢ or near-‘hexagonal . The BCESERS3H00333
ratio of the particles is 1.4. The secondary average

5 pargigle sl zgfnd RaYtixge %‘a%%eghSt{)beﬁéiQ@—Q{zed Ce0,
Ce02 nano-particles determ ned by Dynam c Li

SoattedngePapared e i8i Zdvimatyzerle B- 500 qaék/ga? efiegn from
qvera9e§ggﬁt£ﬁ%ec§|%%agfs%%u%%h@%vkgglﬁ @%did@l@%ﬁy index

ana yS| result ows that the crystal
&b rivgdid=a fiarcet-ve neoduictcub ot tﬁﬂ_solﬁ)texanpﬂletlcwl d
excl usively index to typical face-centeredcubic
fluorite structure. Exanple 12 Ce02 particles were
ﬁ@ﬁﬂeecid n accordance with the 15 process as

descri bed in exanple 10 except that t he reactl on anpd
agi ngiq%wwrattwl@mgeéﬁaﬁgé&afs 60 AAEFIHRARG nyith the

;Ef&?e Or SS%BEB | h pERgdCte tank MR Was afiengRd 1owing:

to 30 mnutes Fig 9 shows a TEN i mage of the

nano-lsi Zl%me MQOSC{J&IMQXP e prapaasd ity @menia solution
? moel can be seen fromFig. 9 that the products

ont ai ns a ot of need-like particles, and there are

SONe 1. IMhenak@@arione tempadaduiregwhe thang:e@dtQSS 5°The

d| le ob b
and. rior U0 S hAT T n PEnGPABSIEHD, TR0B BHORE GALK ¥as

emém try ofnikafessi zed Ce02 parti cI es prepared |n
this exanple. It can be _seen fromFig. 10a that th

crystBg s ush@re caul BE8x RIS el3f i hlgx P%n’f’yfﬂ“%%‘? Cel,
ddMOrdess SEraci . 130 dR@iRadSle. 1t €82 be seen from

particles were prepared in accordance with the
RrocdsShad ddsc Bivisadden baxidpile sdzexebptePhamantiseles was

55 80 10, LRI RS BRR 020 i
atspensilexdgonalod@ite tsrdedtd svas tdlvandedhieo Perfiisles is
1.5. The secondary average particle size and particle size
distribution of Ce0O; nano-particles determined by Dynamic
Light Scattering Particle Size Analyzer LB-500 revealed an
average particle size of 40 nm having a half width of 16
nm.

Fig. 10a shows an XRD pattern of nano-sized CeO;
particles prepared in thislexample. It can be seen from
Fig. 10a that the crystal structure could exclusively

index to typical face-centered-cubic fluorite structure.

Example 11
CeQ; particles were prepared in accordance with the
process as described in example 10 except that the

concentration of ammonia solution was changed to 3.0 moleL™

1
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TEN anal ysis result shows that the products are

"nostly need-like, and there are few tiny

nanoparticles 5 adhering to the needl es. The needl e

wopessiidcdses obt ai ned are about 5-12 nmin w dPET/S&A7/000333

nore than 220 rimin Iength XRD anal ysi s result

Shomréplﬂagfgfgo %y%@b LT e the erv@%?g iArticle

thi s ‘exanpl e exc usively index to typica
d1zmrafl eCler patriclesOwax anpdet 14 nm amzéozlqaarrqnpéﬂlcé@gy of

ared in ace( rdance with the Ss
%%sc?gﬁgg I{ﬁseygﬁpl exceplflef_"i‘i’afl lg%gr ngﬁ% s Spness
SUbisd | taft edhby pxygﬁcﬂl@i O\Msng ladd agheg temcﬁm@ngaverage

‘to 15 15 It sh
R AT B et PRSI T Lo B LB e SBBuPano-

iR ands ther amprphal ogy 9§n&ﬁ§cpiﬁbh%|%%dM%éf&ﬂ@l@aQﬁlcle
near - hexagonal . The steepness ratio of the particles

Fizel, ltmammzeelseb%n@%(? yraverbee 20 pAPLPERPePsridchfdsize of
zﬁ“ﬁﬂn%%gghée 5114 byt hon gf QQPanHanQRBa%h'a%%s result

termn namc Light Scattering Particle Size
MWZEMatStEQO crrweaﬂe@ta;lm@;\wel%g’@lpatm cheodige dh this
28 n haV|n a half hofl m_ XRD _gn
TEEH 1° sHY dtﬁﬁ?i ﬁlv% Xls%aﬁegtrﬁcttlé gr ailt%cse %entered
Ao ddr ity St2mcexaepl e coul d excl usively index to
typi cal face-centeredcubic fluorite structure.
Exanpl e 15 Ce02 particles were prepared in accordance
Pdnfpide B0 process as described in exanple 9 except
that the aging process occur in batchw se nol ecul ar
m xi feQninartEmdsayi were | RESBRARFe o A0S IARES, with the

| {%08 deeééﬁl Shovs, that,hhe avey a%{o%rttl ¢h@t the

SI ze 2 part| es was about 5 rim and the
rﬁﬁrqﬂm@jmg@ncbfaqﬂﬂ 2008/ 04 EEPGH SEIHOYBD038F A Reand the

articles S cublc or near-h I e e
s TR o L B
tpRario Gligniieze and parti cI e size distribution of Ce02

nano-particl e determ nam ht Scatterl a9 '
Partifci® S zé RIS y?erﬁE@ 5%@[3%\/&510 3 % BoBPageed Ce0:
ettt Cl s ShZEp&fedSihi raHiavi @gamphal f 16 dah abe 1Qe€m from

XRD anal SIS result shows that the crystal structure
Kig- t Re E‘f’lé’éud’th‘? n PIRASCERanpPRERHYF d xdPlisi Vel )Peed like

éé%#ﬁ&%ﬁi}y&ﬁ&a%héﬁéeaﬁgnggﬁSdQﬁmy3ﬁéﬂﬂﬂéﬂﬁicles adhering
to the needles. The needle particle obtained are about 8-
15 nm in width, and more than 200 nm in length.

Fig. 10b shows an XRD paﬁtern of nano-sized CeO»
particles preéared in this example. It can be seen from
Fig. 10a that the crystal structure could exclusively

index to typical fluorite structure.

Example 13
Cé02 particles were prepared in accordance with the
process as described in example 10 except that the

reaction and aging temperature was changed to 20°C and the
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Exanpl e 16 Ce02 particles were prepared in
accordance with the process as described in exanple
10 except for the followi ng: 151. The reaction

wotesymeiIsi ure was changed to 60C. 2. An@CITSIG2007/000333

reactant (H202: 0.22 nol-1,-1) was introduced into
gldoﬂﬁlg eaGhd OF, 20883044y Of mepgya@&yl aanm mmgw'aw tchanged

via distributor 103 with a rate of 0. L-mri-1
B NhmEr or oxygen bl owi ng was |ntroduced at- -t he 20

agln%EB{o %.53515 res%%%0|gﬁ Qg t{ﬁgéuﬁﬁﬁys E%r are

the reaction & r8adlion Zohe Was
rﬁhﬂ‘ﬂlr}g hbedagi kg, pramiasshetrbe @t OIf e@f ttueysuﬁupm@alrmncles

%1 ed from or an to X&T?ﬁ?fﬁ'\ﬁ%dg andtﬁ% %%gu%ttﬁé}{led are

ABNe- 8521931 Qﬁoanparid@l ,eSafd epated thant 2D exanphe length.
It can be seen fromFig. 11 that the products the

X phiet by of TeABLlpaPPEFes ks tarc¥yakal oftEREREre for
evfl&% thﬁwau&h' %ﬁeﬁ.ﬁlef ezxa‘}nﬂl@ ang, T@r &R 1109 nr@ﬁ&bx to

. XRD anal ysis result shows that 30 the crysta
tsﬂmitmlurfémtﬁhétgﬂgfﬂuw in this exanple could
exclusively index to typical fluorite structure. WO
2008/ 041951PCT/ S&007/ 000333 Exanpl es 17-20
Ea'aamareaUJMn of Nano-sized Particles of Iron i de

17 5D t d d t.h nit
el 5% Ao LSS S oLRRRRARE. (e PEgOrARPCE. with the

5AdHIsonS FRCHAME2A rargampCh2 yweke «@itS $Bla¥ed iirN sparging
0.12 nol OL-1 HC1 solution to form5.0 L iron salt
was (ubst ikiutiedg Bvo oy 9€8n &4 RPiaei 8RdoRIiipgn tiggs change to

18P Mt @25 Mol L-1 and then stored in the netal

TEM analysis result shows that the average particle
size of Ce0; particles was about 5 nm and the morphology of
the particles was cubic or near—hexagonal. The steepness
ratio of the particles- is 1.3. The secondary average
particle size and particle size distribution of Ce0; nano-
particles determined by Dynamic Light Scattering Particle
Size Analyzer LB-500 revealed an average particle size of
28 nm having a half width of 10 nm. XRD analysis result
shows that the crystal structure for the product in this
example could exclusively index to typlcal face-centered-

cubic fluorite structure.

Example 15
7 CeQO; particles were prepared in accordance with the
process as described in example 9 except that the aging
process occur 1in batchwise melecular mixing unit, and
aging time change to 10 minutes.
TEM analysis result shows that the average particle

size of Ce(; particles was about 5 nm and the morphology of
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10 salt tank 113, where the ratio Fe2+: Fe3+ =1: 2.
5.0 L NH30H20 solution with concentration of about
1.34 nol OL-1 was prepared-by dissolving concentrated

wolhiz@iidap in DI water and then stored in theptask21800333

Al'l reagents of chem cal grade were used w thout
t LET catd ofyp; 15, T aboKexhEQRa Sl he st

Ié%% up%ﬁgg%g ng-%(f?l—ﬂéohbslo u?%—onewere Si ?rul faneous| yS SepnEss
painped ofi t thei xpdriEfiobesatiss ofl .3..5 Chen-g4econdary average
respectively for both so]lutions in f,he. reactd _
GORE AL B (RA BT BELTAT T8 gL T TR0 i Co0z nemo

gi st 1d1al ofedOBnahedt b¥50ydumi By LikdtniSdatgearidg Particle
reacting. The black 20 gregi&itateform‘sd o1 . ¢
Phe T Y 3T DUPT RGOt REVPELELi BR, SYREAI Bagirdrle size o

Pt XHAG heRibhglQD MASr PLOHeRt @F LYo Nk OgRD @@&R1R¥is result
punpi ng gas into the chanber 101 via gas-inlet 131 )

stk yathat FBRDVEYSHA ERUSUTS 9D thpeproduct in this

_‘%_agfg%ﬂ{ abLygl exeh ot Lhg pAAked bed JAZ MRS Ao Bkt ered-

eve m s- e injection speed for

" ¢iei ¢ Ol wehtidre deE sdtutrieons from | | quid inlets 104a

and 104b were 5 ns-1. The residence tine in the

nol ecul ar mi xing unit 100 was fixed at about 20 s.

Himnslalrrg/ suspensi on was renoved fromthe nol ecul ar

30 mxing unit, 100 and collected ,ih the $r%9uct tan h th
140. “Afe RYdtiTh Yahk RASPAFET priot RELRT M UsTh °
Fieo0en A5 | pestrprofecthveegaspleWO10  except for the
008/ 041951PCT/ SG2007/ 000333 Phase separation

beklewiewsin the suspension and the top |liquid was

decant e l.ue S j e ;

L P B S o .

cent rd f Wiged reemd neasttedtwi (HRODI  OvéltZemo 3 PRS Mawtred nt roduced
recipitate s then collected. a re-di ed.io_pl sy

FRre: s FerntRehorontn o (of o5fe BpaathERE Chikind! unit

Fo@.vile Gihaws bntEEMIiosage tof anantesbred. FB3D4min ™.

particles prepared in this exanple. It can be, see _
fromio FPgaims Shato i oy Rl A parecl B Gt at - the
&%ﬁ{lﬁ Maddsd es was about 9.4 nm and the morphol ogy

of the particles was spherical. The steepness ratio

.~.of tHEhgafPlere®ti sthe 4SuPRENSEBNFdiFravi@gEeaction out

PRSH T Gl Sir%eacﬁﬁ%rparztoind%l ewakZeodhsgél bUIb{hﬁh@f #8304 ging

nanoparticles-determ ned by Dynam c™ 15 Lig
Soate sy, nghPacpiloke oF Zehananpersigr 50bapgedalfegm @range

be ver i ' pm bavin hal f
Wd‘?ﬂd‘o ¢ %%ﬁ,mpa‘?{& Sﬂb%ﬁ?ingﬁr%éﬁ 3§§hovvsgtéhg g(h%qbattern

of namigy silledske®64 partBM| émageepaf edhien thne-sized Ce0;
exanple. It can be seen from 20 Fjgure, 13 that the

RS GIE S PECP BT 8 ot cPIRTRETy dbr @lbantedoEs from
By egnethie e€h¥spabluaessyskemMorphology of the particles
was near-flake or sheet with the thickness of 2-4 nm and
more than 100 nm in width. XRD analysis result shows that

the crystal structure for the product in this example

could exclusively index to typical fluorite structure.
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Exanpl e 18 FeCl2-4H20 and FeCl3 were dissolved in
0.12 nol.L-1 HCI 25 solution to form5.0 L iron salt
solution with a total concentration of iron ions

woabeuti1931 25 nol L-1 and then stored i n the netral/Ssadr/000333

tank 113, where the ratio FeCl2: FeCl3 =1:2. 5.0 L
NaCH sol ution with congemgiatd ar-eb about 5.4 30

nol eL-1 was prepared by dissol ving anhydrous NaCH in
D whrepagadirhrenfsNapedsinednaxifdles @£ ggon Oxide
reagents of chem cal grade were:used w thout further
purification. The above iron salt solution and
MeeG@p 01! | on were si nul taneously punped with fixed

fl f 0.
200/ DA oS BT ARG 000455 VEERUET: 9aPy TPEr "BbEnan novr

W Ubdstd NbLebdiee I east reaczame 400wk dnd heFeCl,«4H,0 and
nol ecul ar m Xing unit 100 via dist [g but or 103 about
P ditaty I %ihgiand - Héadritig Calalektlon to form

@r@ctp' e £91€fe%dlm%at#i% éT%tt&'lghc&E@é!ﬂEﬁ’atlon of
| evel of the packed bed 102 was at a fixed |evel of

1579 hess 2abdibe On?éctﬂpéanp@é‘{ﬂi figren e Qugsl chi ofPgemetal
SIS HEOMALI dplnighso1p4a . ppsk 194 were S

e ‘rési dence |rre in the nmolecul'ar "mi xi ng
un|t Sl_GtD DagiHi- ¥ed atolatidwn 291 sh ﬂ;@ﬁhenstatnyn of about

o0 L ol 1400 G0 56 19 T GeieP VARE FanoCht EACed i ni0

fFhase wepar addONt RESUELededinik hEhéu’S@ﬁhSMm antllt keagents
top liquid was decanted away. Then centrifuge the

O AT SRLTBAD S8 s HoEH FATUPER BIT WprPuritication,

15Re-d{sSRBI%e henPlsagk eentkkibHognaeml b sB1bkion were
wat er and the pH val ue was adjusted with HC1 to pH 3. 1

Shrenl tangonusdyl yurarast edt Vi af gaed df sevi barer o4 a'fndL‘mln
B NG 16 2o MOBLhE MK ST dych sone
TEddi sh-throwmolecular mixing unit 100 via distributor 103
about 25°C during the mixing and reacting. The black
precipitate formed immediatély. During the reaction, the
molecular mixing unit 100 was protected by nitrogen gas by
pumping gas into the chamber 101 via gas-inlet 131 and gas
is removed via gas-outlet 132. '

The high—gravity level of the packed bed 102 was at a

fixed level of 2000 m=s™2.

The injection speed for the two
chloride solutions from liquid inlets 104a and 104b were 5
m*s'. The residence time in the molecular mixing unit 100
was fixed at about 20 s.

The slurry suspension was removed from the'nmlecular
mixing unit 100 and collected in the product tank 140. The
production tank was also protected by using nitrogen as

inert protective gas.
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20 The pH of the reddi sh-brown slurry was adjusted to
7. The slurry was then coll ected and re-di spersed in
DI water to form Fe203 nanoparticl es suspensi on.

wORB0@g/041081 shows a TEM i mage of nano-sized Fe2®BT/SG2007/000333

particles prepared in this exanple. It can be seen

fromghn Fl 9ged4rihedn t BEcaYeEa08 nPaHd C@sSd€idH and the
Fe203 particles was about 7 rim and the norphol ogy of

tée parguicl evasasdepheiedalavarhe SheBpnbB (Rt | yue was

t he rticles i 4. ..The secondary average particle
%ﬁi%éﬁ%éﬂi%& f%ﬁé%§1£%[zﬁstributio¥ of Fego4p

nanopEitd i témesi rdietee mulixted eoweBy maTitei3gedgland washed with
Scattering Particle Size Analyzer LB-50Q revea

D6 M S avor AE HITTE] e PEESOPOIAED MAThaNioy SoharFied and
Wl sgdrgds Nnin DI WEHig e thb shaews FheOf Tifdncparticles
pattern of nano-sized Fe203 particles prepared in
FUTRCIE Pl e. It can be seen from WO

2008/ 241 951PCT/ HG007/ 00387 Figuge 18t hahng-dosblie res0,
valley in the transmttance at around 600-1. This
palentd¥eesprapateysial Wrrucexr@r bt most &R@ [Rg vepgn from

orrespon a it V- : rvst Lin _
%/%T e?ng %ﬁ.gghttg‘gn abm%@é‘% |‘§é’éils°5%ﬁgfjﬁ?zse?1e%§f ?%"'rﬁ"s%’armles
weEgnebbtie oneés nmbxanpl shd Omorphol f@B804f pahei phatingpe was

repared i n_accordance wth the ocess as_.descrjb

SRS v THSomtagp ERdt NHoRpoDI0 o Bur (il DR 1.
B Ul QIBMESYbS hivkuhgdwi pait ei¢ baetsiyleanandi yparticle size
hydr oxi de, ( N( CH3) 40H) sol uti on, The TEN and XRD .
Hesur ot oFf mFPaPt W ERCR AL G ExdRbrEed 16y Dynamic
P! € 20cering FEAMRATdH A €652 DITRPEDed refealed to
accordance with the Erocqss as described in exanmple |
4 axceperabat PRerichs GHlzer iadfe Mastsubatirytadhpyf width
g§r§§qgn§ulphate (FeSO). The TEN and XRD results
vere simlar with that of

Figure 13 shows the XRD pattern of nano-sized Fes0,

particles prepared in this example. It can be seen from
Figure 13 that the crystal structure almost exclusively

corresponded to an magnetite crystalline system.

Example 18

FeCl,*4H,0 and FeCl:; were dissolved in 0.12 mol-L"! HC1
solution to form 5.0 L iron salt solution with a total
concentration of iron ions about 0.25 mol-L™ and then
stored in the metal salt tank 113, where the ratio
FeCls;:FeCls =1:2.

5.0 L NaOH solution with concentration of about 5.4
mol+L™! was prepared by dissolving anhydrous NaOH in DI
water and then stored in the tank 118. All reagents of
chemical grade were used without further purification.

The above iron salt solution and NaOH solution were

simultaneocusly pumped with fixed flow rate of 0.5 Lemin’?
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20 Exanple 17. Exanpl es 21-26 Prepara
Nano-si zed Particles of Zinc Sulfide
(CH3C00) 2Zn- 2H20 was di ssol ved in D
wo20@ /4195 nc salt solution with concent
1.0 noleLl and then stored in the net

tion of

25 Exanple 21
water to form

r at i on rofti/Sab@anen3s3
al salt-tank

rbk3ectively for Otbth NagBus0btti GhtW t Bh@ reaction zone

concentration of about 1.2 30 nol-L-1
1§itds siivithy NS QHEY (Tl pingwitet & ah@l

was p[egated by
tHen digredbyhor 103

ayégigt aﬁg"&lsdl%rﬁ%r'tl%ree&gaen ?.qu'l Phgﬂhca}eﬁﬁlq?g.m%e biack

w T hout r purification.
pselcipicatanfosndiummsetifatdelgal t sol u

The zinc salt
tion were

SoosrhBEBIRITEE el 7P LR B oz e o 5

frespeqidveel vfi NSy he s-éactheniagaet 164 Aspéed heor the two

mol ecul ar m xing unit 100 at .about 25
chilRrAgeaf@lFEALEFNgTESTe ggu%ﬂe1P§8F§-

ih?%gggg igib were O

mP e piiat & 4 idRd: | yarRdi at el e AFSDECHIGR-B{AVAE Yunit 100

| evel of the packed bed 102 was at a
w2500 iped- 2t Fheutnf@csi on speed for t

fixed.level of
he two chl ori de-

08 ! Fnpeet
S0l Uh @S 1L QG | Ul IUL 15, ol Ofen @ 1046 VERE Rolecular

he res tinmne int

nol ecul ar m xi ng unit

mi@@nyasnfit x@d0atndboolldsted in the product tank 140.

Phase  separation occurred in the suspension and the

top liquid was decanted away. Then centrifuge the black

sediment and wash twice with DI water.
Re-disperse the black centrifuge
and the pH value was adjusted with EC1

Then vigorously aerated via gas

sediment in DI water
to pH 3.
distributor 143 and

stirred via the stirrer 140A the black sll;xrry for 8 hr at

80-90°C. The black slurry should have

turned reddish-brown.

The pH of the reddish-brown slurry was adjusted to 7.

The slurry was then collected and re-dispersed in DI water

to form Fe,;0:; nanoparticles suspension.

Fig. 14 shows a TEM image of nano-sized Fez03

particles prepared in this example.

It can be seen from

Fig. 14 that the average particle size of Fe;0; particles

was about 7 nm and the morphology o

f the particles was

spherical. The steepness ratioc of the particles is 1.4.

The secondary average particle size

and particle size

distribution of Fe30, nancoparticles determined by Dynamic

Light Scattering Particle Size Analyzer LB-500 revealed to

be an average particle size of 60 nm

of 20 nm.

having a half width

Figure 15 shows the FTIR pattern of nano-sized Fe0O3

particles prepared in this example.
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10The slurry suspension was renoved fromthe
nmol ecul ar m xing unit 100 and collected in the
product tank 140. Phase separation occurred and-the

wot2o@sddigui d was decanted away. The remai ni Ng PEIMSGH7/000333

m xture was filtered and washed 15 with D -water. The
REeCipid ake Waditheparol) eghedc@d e ransmittance at
re- dlspersed in DI water to form ZnS nanoparticles
srepehsh@h-1. This Flc@emfewsflﬁ@( Dhearrk Vie(d) showttey almost
n |na iz Zng patticl repar.e
&éj}[% %ML Q,eosrr]‘o%sp%%%éig %g) % Entag?xﬁgﬁﬁggurgg 96203)

be "'seen from

_ ctﬂ'gaﬂtalrﬂetraa/ a’}asg:eamammcdte sz beofeaiS ypatidtclregiwded from

about_ .5 nm and the norphology of the particles was
TSR OPAte secondary average particle size and
particle size distribution of ZnS nanoparticles
determ ned by Dynami c Light Scattering Particle Size
r LB-500 reveal ed to be an average particle

size @f O?OpQ%QéYng warBaldrapaAtdh ofn 5aBBhrdance with the

Flgurel7a shows the XRD pattérn of nano-sized ZnS
Hiamaaﬂ essprépzeeibdd thi sexxmpdt e 17 t esappbe Wedn NH3*Hx0

Q{@ fidgure, %Za. tg%sgﬂ?fuﬁééﬁ al, ;§ r““é%%a}é?eschgh%tomum

exc usi vel'y i ndexe 0 a wurtzite crys in
IsytemdeEx@an(olig ) £H) solutdmB.particles were prepared

in accord e W e process as described in

exan,gl‘l Zﬁefi@c‘igﬁ%}gt é&sgigsptwe% s:uru?ar with that of
Y14 1951 PCT/ SG2007/ 000333 addi ng the aging

process. The aging tenperature was at 92C and the

aging time is 1 hr. The TEN analysis result was shown

yal ji@ug 18. It is seen fromTEM that the average
particle size of ZnS particles was about 10 nm and

the Fenbrphorbgglet vRecparepeires was spherdaate 7heh the

}%%%% bu% 5 O el ?:q'%b%%lr tigle Ang; particel ' < gﬂ%@ ferrous

Stri on o nanopart| I'és det erm
Mﬁghbuﬁsautatedgb?aFercbesS£ubp%ma¢yZEESOH

LB-5 r Ied t an _ayerage particle size of 70
o el 20 Sy BLRIEL AR RS L Pa?) SR ek et o
HagpXBD1pat t ern of nano-sized ZnS particl es prepared

in this exanple. It can be seen from Figure 17b that
the crystal structure was al nost exclusively indexed

to a wrtzite crystallingxsysiemzilpdxamle 23

Preparation of Nano-sized Particles of Zinc Sulfide

Ezample 21

(CH3COO0) 2Zn=2H,0 was dissolved in DI water to form 5.0
L zinc salt solution with concentration of about 1.0 moleL"
! and then stored in the metal salt tank 113.

5.0 1 Na,$ solution with a concentration of about 1.2
mole-L' was prepared by dissolving Na»S+2H,0 in DI water and
then stored in the tank 118. All reagents of chemical
grade were used without further purification.

. The zinc salt sclution and sodium sulfide salt

solution were simultaneously pumped at a fixed flow rate
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ZnS particles were prepared in accordance with the
process as described in exanple 21 except that an
agi ng process was included in this Exanple. The aging

wobtegpeioai ure was at 92C and the aging time wWaeTRGRr07/000333

The 20 TEN anal ysis result was shown in figure 19. It
df gﬁ.%efi-Hilﬁmﬂléusblé%*tiba@ga\_{ﬁeageh@ag&a&kfoﬁI z6n®f101a of
n

particles was about 15 nm and the norphol ogy of
thiee patedclas wagisphariidal loqh@tsewmargﬁ%r%gemg the
article size and part] Si di.stributis o] :
npﬁé{ﬁgﬁarﬂ@l erseachtdler?ﬁi r?é%lp%% b?/ﬁ nlz}rﬁfeplﬁ%h%% grgg?pltate
focakteimngdPattigle Size Anal yzer LB-500 revealed to

be an_average particle size of 80 nm hayin | f

wi dt A6t N3GRARFavity E?Fﬁérggﬁﬁesﬂ% e%h‘%g%;bgg was at a
Raklenkvell RENesHZet LAS Past i 64 &St Bepasest | fot htlse two
example. It can be seen _from 30 Figure 17c that _the
chlpside splutiors hasmaligsidekBiats vel{R i arRxslil overe

Et zi 1 i t V}Q‘_ : it 100
s A %%%T‘?éééz% oD o%g]st@%izﬁ%@ﬁ??t e were:

wpseffared ah abevrdahce-with the process as described
in exanpl e 23 except that t j t I on
changgg tsguzrirﬁfc Sﬁfll reé}sé%glol uesl é‘ln%}&ovse% ffrcﬁ'léuﬁ}ré{l mfScular
madahySuairesabdt anascshowntéd fn gihree Rhdudt itsangedd 0.
from TEN that the average particle:size of ZnS.. .
par t PERSE WEEPBTELoB0 FHRNTES habfior Pl dgF of L&D vas

deakhieheswyas spherical. The secondary average
particle size and particle size distribution of Zn

S
nanopBhPt iFered ndelerTHEY BY- TSR Li ght St 1214 ngashed
WERLL I &, 28, 19n8nqiihen ke ikavealan tondie 8h1lected

average particle size of nmhaving a half w dth
apfl 30eriaspersed Figurlkl 17dtshovier t RerRRIZFat pepaparticles
Snan%-siiégd ZnS particles prepared in this exanple. It
¢3h~Be*seen from Fi gure 17d that the crystal

st ruetyneewasd cdbnosndl 3 gl udiore| BEM radek HRTEM aimages of
wurtzite . c stem__Examl e

rystalline.s I 5 nsS
DREPTFLFEd dBTe HFEISTR T RS aaNed e (AT, Tt can
bRl @eess rasmdeser ifhedried exampkac2ivexegpt phhdicha size of
~aging 20 process was added. The agi ng tenperature
Zag FOOCE EHE S 3 Pr GERRCH t%anlaﬁélqu@Eg@ BQWEBK‘WEHQHY oF the
phpeheaskng,dhe sheaperat ur ephd heeadohllryi Myedye? Phrticle
The TEN analysis result was shown in figure 21. It is
sg@en AncorpaEM ket sthe aiatadbusaprpi Afe rFengpopasticles

Lt a nm; an ho : of S

GBRELhSLES 1B] BMeRdl PR dchieeTurg obogYsele ouse
rpailyzekelBi-580amdvpaiteidcke bezendeverapat Pontotlgnsize of

anoparticl es ﬁ%; rm % b gynarric Li ght Scattering
3gapf“i SF‘gl%Pzg ?y?%ﬁgg B‘-’%o ‘Pevealed to be an

aver gggupalvaclsh@ize thk 120D mpahaeirng af haladhossdtzed ZnS
particles prepared in this example. It can be seen from
Figure 17a that the «crystal structure was almost

exclusively indexed to a wurtzite crystalline system. .

Example 22
ZnS particles were prepared in accordance with the

process as described in example 21 were repeated except
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30 of 30 rim Figure 17e shows the XRD pattern of
nano-si zed ZnS particles prepared in this exanple. It
can be seen fromFigure 17e that the crystal

wotosaiasr e was al nost excl usively i ndexed t oParT/8G2007/000333

wurtzite crystalline system Exanple 26 Preparation
aanaisi zed nBardrioelees . offthEi AgOsydeatpéddrwas wlowty 92°C
di ssolved in DI water to form5.0 L 5tin s

! J t
anfl uEhen2gipe EdMCents ati B8R - of "Ebotit™ AT HETLL - TeSAE was
4 siQr Eg?ﬁf‘et he . metali Salded afkord 18em HolaWashadded rage

to the netal salt tank 113 to ensure that the
st tuitdlon $52¢r afspmenparthelpH wWas aahust et amabid the

, L.ut] \M e ' of 0
Gl Toh! BRE A A S O A DD Yppondaxy
avatrergeandatbenlst eriee iand heatrank1418&iz4l | disagdmision of

f chem cal grade e used Wit hout further ' _ .
B | Pradkebhtotes dSREMITRA R QR Gl ARt NSERTteTing
EOUldIeN g€ ahauktarequsinoopuPesk bdd atbi Xed &howverage

rate of 0.5 L-min-1 15 respectivel%() for bot
RGeS 1zt 65t HE PBaBEVORIZBNB2ADIAL ST tHe 20 Pm-

Mol eGYlRfreM X0 Bl 4L akrpo@akterRerat UAgndOsiBed Zns
and react. The ivory-white precipitate forned
nantddilatse| yrerieepHLIRaltd sof e Isr-odbiet catispenssepn from
ni ed he, be t ahgui-Bt DY, bt Ly
vV y’%ﬂéﬁg ;@thé&%&ow 1%tg‘:f‘i oE\(%?gtEﬁg tin satt%%ol uﬁﬁyon afmost
eand udierelyOiinglelketli on. a wurtzThe hrghtglhinig \sysheal.
of the packed bed 102 was at a fixed | evel of 2500
ns-2. The injection speed for the two chloride
o283 fromliquid inlets 104a and 104b were 5 25
ms'. The resjidence tine in the polecul ar ni xi ng uni.t

100 KRS P& ateabyGre1Prerants siir AFrSFSeEnsi gnith the

hasdemyedqbtemibhg MRl eckd@il &1 Xi ngxdBbt 1tanth aging
collected in the product tank 140. The tenperature of
riRsesigsperiason sl udesh giBdudihiys i nEreasés- The aging

temperature was at 92°C and the aging time was 2 hr. The
TEM an'alysié result was shown in figure 19. It is seen
from TEM that the average particle size of 2nS particles
was about 15 nm and the morphology of the pa:t;ticles was
spherical. The secondary average particle size and
particle size distribution of ZnS nanoparticles determined
by Dynamic Light Scattering Par;cicle Size Analyzer LB-—SbO
revealed to be an average particle size of 80 nm having a
half width of 20 nm.

| Figure 17c shows the XRD pattern of nano-sized ZnS
particles prepared in this example. It can be seen from
Figure 17¢ that the crystal strructure was almost

exclusively indexed to a wurtzite crystalline system.

Example 24
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. BEPEPSS NA&BH eSS TRES e nider BX TR Bf 2

30 to 95C under sufficient stirring to ensure the
particles do not settle down and the suspensi on
mai nt ai ns the sane honogeneity as the slurry flow out

wofo@rtdse nol ecul ar mi xi ng unit. The pH val ueCcwisGbdne/000333

m xture in the product tank 140 was nonitored and was
hel d &is abaut i61ésbweaddi fgepd¥2d in accordance Wlth the
2008/ 041951PCT/ S(2007/ 000333 0, 01, nol L-1 HCL or_0O,

2B he cEBEerdith £he zinc

84 PAURL ] Ve 135 Gra sTRG SERE RS QANWAS 1 HRAHE aBgE Bbn 95C
for 2 hours. After the 2 hours, the suspension was

cool ethe olihcuna 125G sarke sayitt aisoshowasd@. fopHage20. It is
5@1@” g‘ﬂo%{‘ gEUr RO N e Sushy S' BQréﬂéléhesw& of 2nS

| qui ecant ed away remai ni ng m xture
past fdlder MSandbmsheﬂOvmrtrh Blnd/vat:lae ﬂ@@h@bﬁbmd of the

eci pjtate was then c ed andr -di s e
Btk laT Bl SO Tittpar (1| ST Bipeniranye article
&1 941 end? pahrews1thes iHN @istfhﬂﬂﬁ:t&lcﬂﬁdoﬁﬂ@ﬁSp&ch@la&ilcles
prepared in this exanple. It can be seen frgom Fi. I%g@ size

Jet ¢ Frknache B er 4T t i i | S0 &S phrtitd

ASa AP 1) dgnand iR Y pROILOR Rfralgle pRaftticikesize of
I's near-prism 15 shaped. The secondary average

PR trire |heawsiinge sala 1faptidghe ofi 28 Bistri bution of Sn02
nanoyﬁ[éed% eﬁvgntsﬁws hyxR¥naL %ekggmf S63hte5i Pda zns

Par t zer 500 r aI e be an
Iaalzetragleeq)aprepam®| ze afhi40 $X¢mﬂfﬂaﬂll ngt achal foeni dedn from

8nm Fi hovvsth RD patt ern of .
LbreSI 2%38 n%%a%a 3t d E'Ptn L{Chlure uas  almost

?es prEpare S exanp

dic e e s aerielkicdmtbl guvartiitbatrifieall yrsd ad;ystem.

structure could exclusively index to single-phase

Sn02 with -a nonoclinic structure and the diffraction
jMers; i n good agreenment with JCPDS 25 card of

Sn0Z2(JCPDS 41-1445). No peaks of inpurity are

obserdrsd Pﬁrfvh‘él%RDwﬁ‘étet dgpyepared in accordance with the

process as described in example 21 except that an aging
process was added. The aging tempe.rature was at 200°C and
the product tank 140 was closed when increasing the
temperature. The aging time was 2 hr. The TEM analysis
result was shown in figure 21. It is seen from TEM. that
the average particle size of ZnS particles was about 40 nm
and the morphology of the particles was spherical. 'The
secondary average particle size and particle size
distribution of 2nS nanoparticles determined by Dynamic
Light Scattering Particle Size Analyzer LB-500 revealed to
be an average particle size of 120 nm having a half width
of 30 nm.

Figure 17e shows the  XRD pattern of nano-sized ZnS
particles prepared in- this example. It can be seen from
Figure 17e that the ‘crystal structure was almost

exclusively indexed to a wurtzite crystalline system.
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Exanpl e 27-28 Preparati on of Nano-sized Particles of
Ti tani um Oxi de 30 Exanpl e 27 Ti C14 was used as
a starting material for the synthesis of TiQ2

wortassogaost i cl es. Ti Cl4 could not be directly @CESeREH00333

in water because of its rapid WO

2008/ 041951PCT/ SG2007/ 000333 exot herm c reacti on,
whi ch produces orthotitanic acid, rel ease |arge
amounts of heat. A nixt B¥@™BteHES and water (vol une

rat i g, Qi kS on3G¥ Naho-H20LaToGle: Wasst ST Bf O Suiltied
and the“di ssolution was perforned at ice-cooled 5 _
t enpéngilur eani shovilgodégsodvedr iing Do Wadrem 5.0 florm 5.0 L

t.itani;umsalt, solution with at.l-o 0. W71
bt (o RV HERP St P EhUpERRENH "hE PRy 07 pg mo -
ar@l taas: addedd nd hthabovealsatalt oradlo EhSUrkCl heas added

solution is transparent. The pH was about 3. 105 0 L .
tRaGkSs JiatditorP it H-abhckint r'at | RS fe ag%%"t by wtuian is
twasspaepatedThy giisegl vaidgudedd o dBowwtrr and then
stored in the base_or chal cogenide salt tank 118. All
r eagénfs lofNabienpedrt padeiker cusedtrptasnt oHfurdhpe 2.0
LiFi cation, va; EELaph HY $Alda SO Ub0RAR¢  and
m%llé’lda so?%%i rfe%g%%s?%m téneouslhy@pz\%'ped vvitht[f ?)?gd% an
theow stabveedf id. Sthenthkespedti velly fergbots of chemical
sol.utions intq the nple uni,t. 100 at
9{3%853}"8{8[35_8? gﬂ)gh %#l%%éﬁa{nr%&%%f Lk’ﬂie‘\”lalcotjnl'on of the
reactrast s.tiAn i y&rty- weblet 20n pr eaidpi tht0dl waso fuirined were
i,mredi ately, The pH value of.th urr uspensj an .-
SHESLie ROUPhUAPIEPRBOBE & TEIERUBLYY VAES Phe U Pof-min™
redbkerofetbe tdt apcwf sablusDbik | amtandehde aGdion zone
solution. The high-gravity |evel the packed bed 102 '
1688 &f &hes maleshlagy it sgpiim 0%, afrheoehj befperature

coPegdyf osnhe Lo chlgrd de ol ukjong f peackbgubfe  formed

inlets 104a and 104b were 5 n8 1. The residence tine
impetihetabyecdher pi xivagugniaf 10Dewas oducdd spEsEUCn was
mégﬁggﬁggfa%hu%E&dmﬁg%wggﬁ”5€%§b£$wng§¢ £§OQ%$@PY Varying
the flow ratio of the tin salt solution and the NaCH
solution.

The high-gravity level of the packed bed 102 was at a
fixed level of 2500 mes™. The injection speed for the two
chloride solutions from liquid inlets 104a and 104b were 5
m+s™*. The residence time in the molecular mixing unit 100
was fixed at about 15 s.

The slurry suspension was removed from the molecular
mixing unit 100 and collected in - the product tank 140. The
temperature of the suspension was then gradually increased
to 95°C under sufficient stirring to ensure theAparticles

do not settle down and the suspension maintains the same

homogeneity as the slurry £flow out from the molecular

- mixing unit. The pH value of the mixture in the product

tank 140 was monitored and was held at about 6-7 by adding
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30 mxing unit 100 and collected in the product tank
140. The tenperature of the suspension was then
gradual ly increased to 95C under stirring to ensure

wobb@/pesti cl es do not settle down and the sSuPpESES2ON000333

keeps the sanme honogeneity as the slurry flow out

¢ reomihe ol geul 8F 1 g1 nGoyRit: NHgt 2M0the temperature of
2008/ 041951PCT/ SG0071000333 pH val ue of the m xture

the t heugpedatent amkatte Mas mbAPEor edend WASPARFIPAL Was
r?ag%gaiﬁeesd bé’ta%b&g 1‘901012rr9'{c;1i1]s. f rtlﬂﬁe 2 _hours, the

erature of "'the suspension gradually rose. The
shapans isus pens icoo 1wds traiabbaitn@d ° gt af8Gafbra0ién herased.

5 befqgre cooling to a tenperatur.e qf. about 25C

Phas epq’?eﬁﬁar%‘ﬂ?ao%to]cocrhr ?Sggf he¥hd™s gtshpeen?llso%e%snﬁm% hgnd the
tqp 1 waas déeaantead agagy . The remai ni ng

m xture was then filtered and washed with D te

h r..
The i¥he®TRriedng faEd URss et CHGE& dddioaghgd with DI
dedl speisSedakRed E_%t:%ittatteo RAsTi ReNaBODBEEE 64 €8nd  re-
suspensi on. igure 24 shows the TEM of o
diapersieted Q2 Wartveres prispar é8rin % ex@fsp@rticles

[t .1 wn that the average particle size of TiQ2
Sp&asﬁeﬁlcﬁs%gl'v\as about 8 nm and the 15 norphol ogy of the
par t irilgesrewd2 netarsws r hoabRMdrodh reantbpriizsm Siife particles

secondary, average parti.cle size_and particle size.
Qﬁeﬁ%eﬁjﬁrbn%hgﬂe&m &ﬁdpaﬁfi gf“résggetseereﬁ nglaor[l)y?lgure 22
iDEaniKe Lhigktageapi etinte Paiteclod Sinmg Amakyzees is about
LB-500 reveal ed to be an average particle size of 3

5
i mavieRg &0 RATPhAtAEn Gf giin Particley g dopgprism
the, XRDpahligrp afvdtane sh#ed d2s past heheparticle
prépared in this exanple. It can be seen fromFigure
2 hati sthidbwicjonal oft r §efar NP @ik VERPITHESE Py
[%%.a?rlirlgl ‘EiBHﬁ;esJétgeil‘ﬂfﬁg? & JMNQald Nk st ralct 1 £.0f 1p-500
anat ase’” peaks o npurity are observed 1 n the
R Flatd eron.be an average particle size of 40 nm having a
half width of 8 nm.

Figure 23 shows the XRD pattern of nano-sized 35n0O;
particles prepared in this example. It can be seen from
Figure 11 that the crystal structure could exclusively
index to single-phase SnO; with a monoclinic structure and
the diffraction data were in good agreement with JCPDS
card of Sn0O2(JCPDS 41-1445). No peaks of impurity are

observed in the XRD pattern.

Example 27-28

Preparation of Nano-sized Particles of Titanium Oxide

Example 27
TiCl, was used as a starting material for the
synthesis of Ti0O; nanoparticles. TiCl; could not be

directly dissolved din water Dbecause of its rapid
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Exanpl e 28 Ti Q2 parti cles were prepared in accordance
wWth the 30 process as described in exanple 27 except
that a m xture of ethanol and water was used as

woadalswewsit o di ssol ve Ti Cl4. The vol une r ati oPGT/SG2007/000333

et hanol -water is 3:1_ After the tenperature of the

N iRaERe BT odpget of anke AR e MO orthotitani id,
E%%%%%%%%%ElﬁC%%SGﬁOO?/OodéssqﬁfaduéTIy(?%cfggégglfo 2ot

195@asiehel aslae ramovas &t teh hiiatectd ymtvbhesl @buHCtoand water

baut 25C... - EEN .agnal ysi s WS t -
§F§ﬁﬁ%ﬂf?ﬁﬁ?igreé'ﬁé'tﬁ%% §§§%1eﬁa§%eT&g?1-%£$iEESIEfore
Jsedt | iakel shape ditbhopationl evds siper frmssbutatl 08 cercooled

- length to 20 . i dt h. . XRD f ) _
HARESIEE D PHATEAS Frdand 19 TAFE il Gitanium

shawssd hati drhew ceystahcsht piet Wse 66ulod 2i netee 1D, aand then
TiO2 with a structure of rutile, 10Exanple 29

spoassy att obkhef MREAS- Seddd Btk i tlés HFlzvPGordARd in the
e - 4 | £dikNtirg :

P sqrptoff S U008 Y hssolumon animiere. e

ptomesntabatitod.of about 0.5 nol-L-1 and then stored in

the gﬁ al; sglttank 113, 2998 égﬁggné¥§%ﬁﬁwqgfi9b69€ 0.8

abov ol'ution to ensure the's lon 1s transparent.
mH1e IpH was aheipgarkd by di5s0lkiNgOMiass uiho®Iwiwdter and
concentratjaon of abo L-1 was,

<G ARG RO EB S £ PR TR 8] Groa CROCAARS: ALL
Eherdld bgageRbaiehiCchgrical wode 2aerdtbded further
W t'hout further purification.

purification. A '

The above titanium salt solution and NaOH solution
were simultaneously pumped with fixed flow rate of
0.5Lemin™' respectively for both solutions into the
molecular mixing unit 100 at temperature of 60°C during
mixing and reaction of the reactants. An ivory-white
precipitate was formed immediately. The pH value of the
slurry suspension was maintained at about 6-7 by subtly
vary the flow ratio of the titanium salt solution and the
NaOH solution.

The high-gravity level the packed bed 102 was at a
fixed level of 2500 m+s 2. The injection speed for the two
chloride solutions from liquid inlets 104a and 104b were 5
mes . The residence time in the molecular mixing unit 100
was fixed at about 15 s.

The slurry suspension was removed from the molecular
mixing unit 100 and collected in the product tank 140. The
temperature of the suspension was then gradually increased
to 95°C under stirring to ensure the particles do not
settle down and the suspension keeps the same homogeneity

as the slurry flow out from- -the molecular mixing unit. The
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The above zirconiumsalt solution and NaCH sol uti on
wer e sinmultaneously punped at a fixed flow rate of
0.5 Lmn-1 respectively for both solutions into the

wo Ragib41991 zone of the nolecular mxing unit NG @t 0dRo0sss
tenperature of 60C during the m xing and reaction o

e t ant.s. LvaQry-white precipitate.is, forne
‘%@n’re‘{ﬁq‘%%el 9% ﬁ@gpﬁllvaﬁxﬁ\gqo St hltéh%r c?dftfgucélusﬁgﬁki ont? was
marsi et et camedvad ladbait a6- Fobyt sEBE| pyvadging 0hel mol.n-?
I%ijé%v-vﬁratcbg gif?the zirconiumsalt solution and the_ -

BolMifi HIPTPSEFACHTE HightiyF aviflereler gspdppély rose.
packethbed 40 ¥asict Rad i M8Int8YEL4 05t 28680cMS+20 5 hour
The injection speed for the two chloride sol utions
helamg ipald nonitét & ferrezagurespinebeus #8°C. The :
resi dgnee tidea fdrdide Heé:&fyéﬁr 1B X0 Ul ed I dA3nd the
fixed at about 15 s. The slurry suspensi on was
Yamdvien ifd emst klecapltedukueyrni xi ng unit 100 and
col | egted. i e pr tank 14 The .sl.urry was, is
col | gglteedr‘lgrgn?%bjtrﬁg %ﬁ%ﬁhé? t"gan %281.1 %ﬁlétte or ¥ Qr yashed
waftht hel swspensi Thewas stien radimdatd neseasenScbdlected
95C under sufficient stirring to epsure the particles

A BT SLIRTE HowiartF { HetShs féhsr O ka4Pe ORECBARBICLeS
swepegenenty as the slurry flow out fromthe nol ecul ar
rrixi%g unit. The pH value of the mxture in the
pr odddfUEEnK Y14k Homi TEY e@fam@nRasinerd Ta0zabsgticles

prebal¥qaddi ngnlQd Q0 ml -Lrd HGL %ﬁo&r@eﬂig@peﬁ?& UsiCerage
of "the suspension gradually rose. The slurry
PegspeAsi ot amasofmiTitCai mettatc1@sC fas abbotr Hehor eand the

[ 0 at er e of about 25C

m%%gégﬁgggar(gﬁi %nrﬁ%océ‘%ﬁle%f?% e sUEpensiBiPhrdadren and
priSstmop Theubdcuadatdgcaveadganwayarticle Fheer effal NpAgticle
Srri xtur.e gas tgen fi I%erﬁg and washed with DI water.

THE wasREGBPEEPDi tate W t REROPAIEEELET aflgtermined by
Diy@aflii § PeL @ik | 15 dAtteatiely t akerpdr 02 anepanti-ehesip-500

suspensi on. 20TEN anal ysis of nano-sized Zr02
r5YFeiHeSCpPEpAMe @ VST AT Padille e ahatd tHe having a
haver ag8:pRasti gl gnsSi ze of Zr02 particles is about 7 nm

and the norphol ogy of the particles is near-prism

The Etg@ehdaryy askewye thar tXRD epstzerandpansneteisedeTiO:

[ j but i ra2, n artl 25 .de l.ned b

P e S LPORPoEsSl o | BT R AR P LR S L A JhAT S £rom

Fi@uB60 2evehhed the bestaler agevpaute cloeoudidzeent 1 @5ively
attern of

. havi ng_a.half w dth of 7 : XRD

s B8, B85 ehatel Mt phsBare e P Caietire of
anevesd ed Nchapebke orfystabusityctafe eBubdv@d in the XRD
exclusively index to single-phase of Zr02 with a

PR i ni ¢ tetroganol structure. No peaks of inpurity
are observed in the XRD pattern. WO

2008/ 041951PCT/ SG007/ 000333 Exanpl e 3031
Example 28

| TiOz particles were prepared in accordance with the.
process as described in example 27 except that a mixture
of ethanol and water was used as soivent to dissolve TiCl,.
The volume ratio of ethanol-water is 3:1. After. the

temperature of the suspension in the product tank 140
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Preparation of Nano-sized Particles of Copper Oxide
Exanpl e 30 5Copper acetate was dissolved in DI water
to form5.0 L copper salt m xture with concentration

woabosaousi 0. 05 nol L-1. The copper salt m Xt ureTS®E2007/000333

m xed with sone glacial acetic to formtransparent

GPppes1 Bal inspbadd@ntandstdienisd osedriy Whe wekal directly
Salt tank 113. The pH was 10 adjusted to about 3.

sooled N So1 @RV WiISTH- concentrati on of about 0.1

nol L- S . ed I S [ Na}g—e! ' .
and t#eég@s?gégggﬁg tsﬁbeéw%an e1/8.eg%\|| rgf{&e% sﬁ\%%ﬂd?s .
chies sahp g adereverel rsted wisdh aad -flukieheshape with particle

Rt <5 V) B aeaneBuey Bkt ar ot xed

fl ow gt epaespact b¥ehynbosibei hTS0b upaonsciat optbpared in
reaction zone 101A of the nol ecul ai m Xi n% unit 198 ,
iy eerpRiat thevdi t93E Bhri AGYPRRL nPkiFHG ARG could index
fgacting Qf thhg teagkents.odhadiw ratio 20 of
copper salt solution and NaCH sol ution was mai ntai ned
such that the pH of the reactants was about 6-7. A
bl ack precipitate formed i LPd & ey . The
hi gh-gravity | evel of the pacKed bed 102 was at a
f i Reepheationfol Mhagrssizedl Paritijcdesi off Spzednivn @hide
25 t hl ori de.solutions fromliquid inlets,104a_an
Toan a5t Sores PR e P ael i e iRE M ERe co t8-A" 0 1
@il 8 Xt NG dlittichOOv s Ebxednataabont o5 sbout 0.5
The slurry suspension was renoved from the nol ecﬁgr

. Some

Briilng 8Rft e ailP st | Bt BaSi AR pidduct®®an
HeA0 w30 adfderibeifg analediatakout: 22nsuRRaste solution

separation occurred in the susEension and the top
1$ duiahspas egdcafthed PBwelps about 4he renmmini ng ni xture

was then || hgﬁﬁegoﬁﬂ@i%sm@h‘_’\’:%Jhc@nﬁ’)@éﬁron 0€ about 2.0

washed precipitate was then collected WO
2008/ 04 ¥851 REFBGROD 7pP00EBZolving NaOH in DI water and

then stored in tank 118. All reagents of chemical grade
were used without further purification.

The above zirconium salt solution and NaOH solution
were simultaneously pumped at a fixed flow rate of

0.5 Lemin respectively for both solutions into the

- reaction zone of the molecular mixing unit 100 at

temperatﬁre of 60°C during the mixing and reaction of the
reactants. An ivory-white precipitate is formed
immediately. The pH value of the product suspension was
maintained at about 6-7 by subtly wvarying the flow ratio
of the zirconium salt solution and the NaOH solution.

The high-gravity level for the packed bed 102 was at
a fixed level of 2500 me+s™®. The injection speed for the
two chloride solutions from liquid inlets 104a and 104b
were 5 mes™'. The residence time in the molecular mixing

unit 100 was fixed at about 15 s.
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and re-dispersed in DI water to forma well dispersed

CuO nanoparticl es suspension. The aver age

particle size of CuO particles determ ned by TEM was
woab@ti1%: 0 nm and t he norphol ogy of the 5 parCisGee7/000333

was spherical. The secondary average particle size

and pakt i0h@ryl Zardharidiidatdn Séndted narepathé C}n6$ecular

det er m ned b)é Dynani ¢ Li %ht Scattering Particle Siz

wquewn{ta B0 ralvbaredlectee 4 AR a§ECPRFti d%aélk 140.

HeZ &1%r 30,80 haviRg 1achakl iwkdt bnef peofitt 10JhR XRP. The
pattern Of nano-sized CuO particles prepared in this

teapsire tamewa £t bBec mpsPansdppuwagr éhen gnédgah%)}’elncreased

£20W b EX G| HUSI Val e d Dex t%)%e %Qigteractl For O wLh pdrticles

rmnocllnlc st ructure and atavveeln
dygoodoagrearant  diolvin J@E@Stﬂ&rdsafspeu@()dcma&ps the same

SR RS0 LMY L2 S AP gl frec

ndifg e thr oBesSpAS xﬁﬁwl&ﬁdth@ mxafmise 30 exeepproduct
bel ow for the foll ow ng: 201. Eaer salt solution

tagk didnyed mendspper ﬁrlfir Yp8 Q@ t fbnapoul ppp+py1§dding

0201Thﬁoi3§ﬂt'@@ltQQPeﬁ§kyr%emB§r§@@ﬂQGQﬁ?Ot%@C suspension
the agi ng procedure was added, the aging tinme for

gsia@pl@&éﬁmrmm -pr odoet StLARK YW SPBDFLAGL ¢@S TEMntained at

gt%fh&%' Y&d,S f%é&s %gfaggw@o%ﬁ%gt he, %arc%_lr@eq# etgﬁrledof Nabout

I's "exanpl e was nee ape with 0 nm
2&7¢ .t he aspect ratio of 10-15. The XRD pattern

of napo-sized CuQ.parti cl epar in thi

Showb eRe SEracarigr vrurear The s dusBshsisilha tne
tpchuguval yasndexahvesi aghe- phase CUOwith a

nmonocl i nic structure and the dlffractlon data were in

good THEr sEMAH 10 hEPRES c&Pd ofPuof¢depprd and washed
wW3eh1208)wathi- Pepks Qb shBRUIHL 131 28RS Q/aLetkidh t B811ected

XRD pattern.
and re-dispersed in DI water to form Zr0O; nanoparticles
suspension.

TEM analysis of nano-sized Zr0; particles prepared in
this sample shown that the average particle size of Zr02
particles is about 7 nm and the morphoclogy of the
particles is near-prism. The secondary average particle
size -and particle size distribution of Zr0O; nanoparticles
determined by Dynamic Light Scattering Parﬁicle Size
Analyzer LB-500 revealed to be an average particle size of
25 nm having a half width of 7 nm.

XRD pattern of nano-sized Zr02 particles prepared in
this sample revealed that the crystal structure could
exclusively index to single-phase of Zr0Q; with a monoclinic

tetreoganol structure. No peaks of impurity are observed in

the XRD pattern.
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WO 20081041951PCT/ SG2007/ 000333 Applications It
w Il be appreciated that the disclosed process can
enabl e direct synthesis of form ng netal

wochesicangeni des, 5 netal hydroxi des and net al POXISGe®7/000333

synthesis without the production of internediates.
Accordingly, post-treaExanplet 8ps3such as cal ci ni ng,

i s not necessary. .t wll be re ted t

t he FRRRAAGASR 5% BpneRaizge RETELERoT D 2’8‘65"5
can result in an increase of 10 particle

cystallinity, change of the particle crystal
Bxampter30 or increase in particle size of the forned

nano-sj zed pa[%:ggﬁt q!,%epéiééé}i\?ét e%) E? %ﬁé?'%z?érm 5.0

range:. appr eci a at the shear
1 ocoppthatsalst: appkiedet ovittte ceaceahtrabistuod about 0.05

S _@tes the mxture into 15 0 t

ﬁ)éd or "% (FHHGH t & er &5y Pe% |¥JQI n a’%ge %jlth some
dléﬁﬁiﬁrabét@ckaMEE@mhh&ﬁdﬁﬁﬁaﬁ@nuﬂﬁdppdﬁssaﬂhlSolutlon
results in an intense m cro-m xi ng betwee

h
ngubBent stegem dunFPer MYfAdupdt tE?a{‘eg ?oﬁﬁhmegnpf‘ was

ddy MY & g eiRitt ates the micro-sized or nano- 20
sized netal chal cogeni des, netal - hydroxi des or netal
oxi des.0 L NaOHt sglutile apprecrapeentiailqmerf about 0.1

f
ri?c?lpq?'ltx: a2 ﬁ%ﬂ%eﬁc%%%ﬁ% P §A A Mater and

arger quantitives ro-si ze or nano-size .
fftreaci ptbate partﬂ:ln:é e$an\)vi thicga 2%1df feeagerg-<t het chemical

St%é%ﬂlt and %l ize dIS rlb tlon of the

tred OP grg ppar &h ﬁa? Vari ous ot her
del fiatd s amiap@iamatn anslfidrherrid et e lwitibn were
be apparent to the person ski the art afte
TGRS Tor BHBPRY 36 o s CHOGG LM nEAEE dGEEPPEg veLY
fOMpbiRE S TidicHY $6eBe Ofiet RRaMYEAL i Mhandoilh iSf the
i ntended that all such nodifications and adaptatlons

RORCWiathih g seode BPOt AE apenpedatrapngt 35°C during
4%%ﬁ£g%l?%bgnap9%§%%§h%d&f“%héh§e959§§§§ | $h8O0F10w ratio

preparation-of nmetal oxide or chal cogeni de
@bnp@ypds paltlinyﬂMQﬁeﬁhan@ﬂ@ smkehi ponwBEt Mgdmtained

gg rPEZ d% OLRS "B atf' the frothelnetal CQB‘&&@QE”}?C’EA black

i nor'gani ¢ conpounds partic
precipitate formed 1mmed1ately

The high-gravity level of the packed bed 102 was at
a fixed level of 2500 mes?. The injection speed for the
two chloride solutions from liguid inlets 104a and 104b
were 5 mes™'. The residence time in the molecular mixing
unit 100 was fixed at about 15 s. )

The slurry suspension was removed from the molecular
mixing unit 100 and collected in the product tank 140.

After being cooled to about 25°C, phase separation
occurred in the sﬁspension and the top liquid was decanted
away.

The remaining mixture was then filtered and washed

with DI water. The washed precipitate was then collected
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Received 11 July 2008 Clainms A process of
precipitate pa steps of: m xing, in level, a
nmetal sol ution maki ng nano-si zed or mcro-sized

wormisal4ess] t he process conprising the a react iPOM/SGRHEN000333

at a high gravity salt solution with a precipitant

PRECEPLABdSersed in DI wabebngoatokpast wene efispersed cuo
nmet al chal cogeni de, netal 10hydroxi de and netal
BRRRAT G S SusPERfilA™ g a shear force to said

m Xi %é%&fﬁq@ ddrSaik readd ion AN AWiNg Saldermined
m Xxi ng step, erein sald shear -force and the
lepndTBY onsswi elioritsaidd Or eamt | andzobiee f onewrad pgy  of  the

n%rngj:c | ng:j&érlgrﬁeggxgﬁlicfet%;cgaalrl.sf grﬂ%tel é:ééeo%’ldal}faégef:g?%t icgio‘ﬂ:ticle
) preci pi'tates particles
fipe ngnd partowlpardiizcd edsszeiitsion bofi a0 nanoparticles
determined by Dynamic Light Scattering Particle Size
Analyzer LB-500 revealed toc be an average particle size of
20 nm having a half width of 5 nm.

The XRD pattern of nano-sized CuQ particles prepared
in this sample shown thé crystal structure of the sample
could exclusively index to single-phase Cu0 with a
monoclinic structure and the diffraction data were in good

agreement with JCPDS card of CuO (JCPDS 80-1268). No peaks

of impurity are observed in the XRD pattern.

Example 31

Cu0 particles were prepared using the process as

described in example 30 except below for the fellowing:

1. copper salt solution was changed to copper nitrate
solution (0.1 molsL™%). '

2. The reaction temperature was changed to 90°C.

3. the aging procedure was added, the aging time for
suspension in product tank was 10 minutes. TEM analysis
result shown that the sample prepared in this example was
needle shape with width of 5-10 nm and the aspect ratio of
10-15.

The XRD pattern of nano-sized CuO particles prepared
in this sample shown the crystal structure of the sample
could exclusively index to single-phase Cu0 with a
monoclinic structure and the diffraction data were in good
agreement with JCPDS card of CuC (JCPDS 8(0-1268). No peaks

of impurity are observed in the XRD pattern.
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2. A proCess according to claim1l1, further conprising
20t he step of: agei ngt henano-si zednetal - precipitate
particles. 3. A process according to claim 2, wherein

woaes4PBagei ng step i s undertaken under condPCTE6G3007600333

form Substantially crystalline nano-sized or mcro-
sized particles. 4. A process according to claim1,

conprising the 30step of selecting said netal salt
solution fromthe group c%ﬁ?‘%ﬁ?ﬁg°3f netal acetate

sal t, reegyat1 hedi dspsadiats@teani tiat @ saldsed®i®cess can
sul phate salt, netal phosphate salt, hydrates and ,
angp L eslitfsteot Ynoeshendéd Spertng pERfay chalcogenides,

metal hydroxides and metal oxides synthesis without the
production of intermediates. Accordingly, post-treatment
steps such as calcining, is not necessary.

It will be appreciated that the incorporation of the
ageing step into the process can result in an increase of
particle cystallinity, change of the particle crystal
structure or increase in particle size of tﬁe formed nano-
sized precipitate particles to the micro-sized range.

It will be appreciatéd that the shear force that is
applied to the reactant mixture separates the mixture into
very fine dropiets, thread or thin film to thereby result
in a high mass transfer rate between the reactant
solutions. This results in an intense micro-mixing between
the two liquids to form a uniformly-supersaturated
solution in which- precipitates the micro-sized or nano-
sized metal chalcogenides, metal hydroxides or metal
oxides.

It will be appreciated that the capacity of the
process can be scaled up to form larger quantities of
micro-size or nano-size precipitate particles, without
affecting the stability and the particle size distribution
of the product.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilleﬁ 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 the

appended claims.
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5. A process according to claim4, conprising the step

of selecting said netal of said netal salt fromthe

group consisting of alkali netals, alkaline earth
woBdsAlspsitransition netals and netals from tpersBRV7/000333

groups of the Periodic Table of Elenents. , A

process asoQndi nge t apglraicNatedcotpit sithg t peoséep pfs not

iflectin a base as the precipitant 10sol ution,

¢ t 7. A .
pElead g@co?ﬁ?ﬂﬁr?*bl%‘ll aiHh 6 M8lier ePHLIERe Pasé&hadcoggenide

_ &?‘rﬁ(ﬁﬂic&onfvékﬂj.@_ﬂeQa?ﬁ-st@- M PrOeesSsnAELOf sh NGukO0 can be

claim/, conprising the step of selecting said

wxgdehe conepe e htehasé Prdert metgloghadswgrstidarg ceppounds

al kal.i_ et al roxi lkali.,E car bonat es,

%T%%FFﬁél%&&ﬁ?ﬁqﬁeégﬁgﬁyagéx?ééggsggia|ine earth

nmet al carbonates, 20al kaline earth netal hydrogen

car bonat es, ammoni a sol uti bn, organi c base and

m xtures thereof. 9. A process according to claim

1, conprising the step of selecting a netal

chal cogeni de salt 25sol ution as precipitant sol ution.

10. A process according to claim9, wherein the anion

of said netal chal cogenide salt is selected fromthe

group consi sting of sul phides, HS, Se2-, S032 30Te27,

Te0327, their hydrates and m xtures thereof. 11. A

process according to claim1l1l, wherein the step of

appl yi ng said shear force conprises the step of 69

Anmended Sheet
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EPEA/ AU agitating said mixing solutions in said Recefved11July 2008

reacti on zone. 12. A process according to
claim1l1l, wherein said shear 5force creates flow
conditions wthin saidcteagti on zone having a
Reynol ds Nunmber of about 2000 to about 200000. A
process according to claim 12, wherein said Reynol ds
Nunmbep i$-ddastheckangexialoutab008) 46@ abputnita@080zed\
process according to claim13, wherein said .Rex.nol ds
NunbePre& Ritatife BHgE Ehout"80BE° 1% SabotiP #6607 9007° A
proceggegecar.ding to claimil, conprising the step of
providing a surfactant in said m xing solution. A.t '
processa&eBEdi ig t® EFATMYB, “CHhp? sfanélltghe %Stép of
sel egiding gaingkwsan f agtantsdramchhewgrioup coresiigtitagt -
of anionic surfactants, cationic = _ ., precipitate
sur FAAREs, Honri Ol c s actant s polSymeri © T
25sp fract ant seand minet urfesa t hereof chdlcogerpdecegstal
according to claim16, copprisi,ng the step of
sellé}é‘iiri‘”ﬁg‘d(ehéngoﬁ?%ﬁfr%%oﬁ 5 hsai d surfactant from
about 0.28%ytngabowhe209s bycaeiqgirei80nfixmixttletiegs
A process .according_to_ clai ;&G OIS eB,
of  HddiFg a 6‘3?‘%%%% -d?%ﬁer?g%%n orgslarzaﬁdé Iraln'giitulr:% %tt B
sol Whéerin 6%3id shear force and the conditions within
gaid reaction zone form said nano-sized precipitate
particles in said reactilon zone, wherein said shear
. force precipitates particles having & narrow

particle size distribution.

2. A process according te claim 1, further comprising

Lhe stzp of:

ageing the nano-sized metal -~ precipitate
particles.
3. A process according To claim Zz, wherein said

ageing step is undertaken under conditions to form
substantially crystalline nano-sized or micro-

sized particles.

4. A process according to claim 1, comprising the
step of selecting said metal salt solution from
-the'group consisting of metal acetate salt, metal
halide salt, metal. nitrate salt, metal sulphate-

salt, metal phosphate salt, hydrates and mixtures

thereof.
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Anended Sheet | PEAJAU 19. A process according to PCT/SG2067/000333
claim1, conprising the step of formng said Received 2 June 2008
nano-si zed or mcro-sized preC pitate particles with
a general formula MXxb, -wherein Mis a transition

ot al 5 s ted fI ke 9rQuUpP. coNsi st ; OL.oup. 4, B,
gfoupAI?%$£g$gu5&?%kEaﬁ% éﬁgu% %%fB be%ﬂQEPg%?%dF%E

Tabl eS®#P . EFeeAESTHiRthdSADX Mstekygén seidanchal cegin;
a is. apyhntager ofol, 2.95:3kiRgl Soan Lngeger mgfcghs

2, 3, 4 or 5; and wherein conbinations of a an afe
such thisalite RATHEN | Mefadige ofreheltiompouwrdalaX| ands

zer 0. nd 5, 20. £y ohh LGS neERLALNG st 0ng! AlMbic Table
conprising the step:of: injecting gas into said -

react POrEXBMEt@uri ng sai d applying step. 20 21. A
process according to claim 20, wherein said gaS
contai ns oxygen.

6. A process according to claim 1, comprising the
'step of selecting a - base as the precipitant

solution.

7. A process according to claim 6, wherein the base

is an oxygen-containing base.

8. A process acbording to claim 7, rcomprising' the
step cof selecting said Voxygen—rco'nt.aining base from
the group consisting of alkali metal hydroxides,
2lkali metal carbonates, alkaline earth metal
hydrexides, alkaline earth metal carbonates,
alkaline earth metal hydrogen carbonates, ammonia

solution, organic base and mixtures thereof.

9. A process aCCOrding "to claim 1, comprising the
step ~of Selecting a metal chaidogenide salt

solution as precipitant sclution.

10. A process according to claim 8, wherein the anion
of said metal chalcogenide salt is selected from
the group consisting of sulphides, HS ™, Se®, Se0;*
, Te?", Te0;2, their hydrates and mixtures

thereof.

11. A process according to claim 1, wherein the step

- of applying said shear force comprises the step of
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22. A process accor di ng to claim21 wherein said

wherein said gas is an inert gas. 3024. A process
according to claim 23, wherein said inert gas is

ni trogen..i64 AmendechiShagt EREAJSLL 25- sAipreeession
according to claiml, wherein said high gravity |evel
is sef®&t-ed fromthe group consisting of about 100 to
about 15000 ms, about 500 to about 2000 ms-2, about
1000 to about 5000 -ms-2,- and atzout 800 to a ou}]a-
3600 heZEOCes36aCEOPTHeRSE Atk ng T THE: Si78d5hea T
parti ghes drR@tBE0EESS ECiPirdiinBgwihiein prael giebatton

steps O :, high gravity, precjpitant precipit -
“bei ng@ete | BASt Dné o“fe%“)ﬁgﬁald. gircéjggnaiebdoé% rr%@[gq to

hydr oxi,sle- andooet al oxi de;

13. A process according to claim 12, wherein sald
Reynolds. Number is in the range about 5000 to
about 150000.

14. B process according te claim 13, wherein said
Reynolds Number 1is in the range about 8000 to
about 100,000.

15. A process according to claim 1, comprising the
step of providing‘ a surfactant in ‘said mixing

© selution.

16. A précess ‘according to claim 15, comprising the
step of séiecting said surfactant from the group
consisting of anionic surfactants, cationic
sur‘fécrtants r non-ionic surfactants, polymeric

surfa'ctants and mixtures thersof.

"17. B process according to claim 16, comprising the

st‘ep of selecting " the concentration of said
surfactant from about 0.05% to about 10% by weight’

of mixture.
18. A process accerding to claim 1, -comprising  the

 step of adding a particle dispersant to said

rixing solution.
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appl ying a shear force to said mxing 15 soluti of
i-n said reaction zone during said m xing step,
wherei n said shear force and the conditions within
said reaction zone form nano-si zed precipitate
particles having a narrow particle size distribution
in said reaction zone; and 20agei ng. sai d nano-si zed
pPecibi PaPecpar HCEPELYHIEP cOMI™ | onsSPBPF BT M3 the
M crozgdzedspard hGlgS. s2id  AaRBOSELSS: Obr MBKIcRE-ssized
nano-si zed netal chal cogenide particles conprisin
t he shegsirgftate particles wish gy Ienseeadl fegpela Maks,
sol utjon-w.f h a precipitant 25sol ution conprising at
| east one of sul-phur, seleniumand telluriu and
appl yi nY assRehF 2Pt <Eild S80FUtF DN Th T84 87 °UP
reacti ogozonge fitg achi g ogpavidy desel digi ngrsai diva
m xi ng step, wherein_ said sheaﬁr1 force %fqd tI%e £
30condi 8F6ns 96PERI nVESF d PRactidn ZoME€F6rm&siey °©
nano- skzeflen®tal archal cogeni de particles in said
reaction zone. 65 Amsnde?;jL gheet | PEA/AU 28. A
pr ocess “of SnBRYHY" fng- §'7eG°8F v cr o- si zed net al
chal cogenigdeapathtedeas occonpr 2sbng3t he steps of:
mxing a netal salt solution with a precipitant
sol uti o ¢enpnisnhegpeat dfedst 2ené. of ulphard sel eni um
and telluriunm: :

wherein combinations of a and b are such that

the.0verall charge of the compound MXp is zero.:

20. A process according to <¢laim 1, comprising the
step. of: ' - . _
injecting gas into said reaction zone during said

applying step.

21. A process according to claim 20, wherein said gas

contairs oxygen.

22. B process according to claim 21, wherein said gas
is air.
23. A process according to claim 20, wherein sald gas

is an inert gas.

24. A process according to claim 23, wherein said

inert gas is nitrogen.
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appl ying a shear force to said solutions in said geceived 11 July 2608

Feaction zone at a high gravity level during said
m xi ng step, wherein said shear force and the 10

conditions within said reaction zone form nano-sized

et al achadeegenicderpant i cbesldavilng vasnatrowapartia e
size distributjoh .in Said reaction zone: d

agei ngF ¥4 naln%‘fes]ifzeasnetsaﬁq”eétﬁggcoééﬁfudea%aert i &f &P

under cesidiztihgnsé Of arnlcar ges sitzedatmial 15000 m-s72,

15chal cogeni de _particle 29. A pr.oces
nano-%?%‘gtd%r?gt ar 8%2?8@ %%PPi%ISes’ caobr?ﬁj%i éio‘re{tg) ic_ﬁeag %bs
of . b -a fretzald sabtit s8DUtiorbait h> & axypjen-.
20cont ai ni.-ng base; applying a shear force to
said solutions in said reaction zone at a high

gravi by bevedsdurvhg sakingm xinhgrstgpgedwherecapsagte
Shear _force and e ifi Lt hi ai agtion
zone P%Fﬁcngﬁo-tégs?g(g ngét%{}&g%%@ gg%t isgleég ﬁgil'i_ng
a narrow panrtihgl eisi ze rdRSELPBHUTITEN &t asALGDr GAEVEBR
zone. ) 30.) A process ghipangnsized F ol 6r 9nsicdgdeant
met al “oxide particles conprising the steps of:
30ni xsofuE aretial Saft 3oPdEFeRLIWIth &RiGxEg&Fipitate

‘contappihg hasei ot one RPIYiRG2 sheRfodrice, t @esaid

solutions™in said reaction zone at a high gravity
| evel higrorgiesand Apkpti ¢ 5%%Dp, wherein said shear -
force and ihe 66 ,Amended,SheetsdBA AJ  szid  mixing

solutions in said reaction zcone during said mixing
step, wherein said shear force and the conditions
within ~ said reaction zone  form nano-sized
precipitate particles having a narrow particle
size diétfibution in said reaction zone; and
zgeing said nano-sized precipitate particles
- under conditions to form micro-sized particles.
27. A process of making nanc-sized metal chalcogenide
particles comprising the steps of:
mizing a metal salt solution with a precipitant
solution <comprising at least one of sulphur,
selenium and_tellurium: and
applying a shear force to said solutions in
said reaction zone at a high gravity level during
said mixing Step,'wherein'said shear force and the
éonditions within said reaction zone form said nanc—
sized métal chalcogenide particles iﬁ sald resaction

zone.
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conditions within said reaction zone form nano-si éﬁ;{fﬁffﬂﬂgﬁggﬁ

precipitate particles having a narrow particle si
distribution in said reaction zone; and agei ng
sai d nano-sized precipitate particles under

epndif i @RS LOsf 0fM langey nana-sized paftigkes-ofzed
m cro-sized particles. 31. A nano-sized precjipitate
parti@ﬁ??%nﬁﬂ§MQQﬁ?ﬁédﬁrBEEEéF%ﬁﬁxﬁQ$pﬁésfggcFB?n?ﬁ?p§1O
32. Adcro-sized precipitate particle nmade in the
process according to claim?26. 33. A systemfor

maki ngRHEME T ZBECBE ARET 0SS IEE 18P BT pittaCeP I At
parddickess tBempysteny CoBpri SeAgt one afreaetphur,
having a m xture of a netal salt solution-and a

pr G FPEER 238 Wit O WA ch react to forma

preci phppity@ngSal dsndrediopickate beifgsaltudieast ioneaod
a netal . chal cogeni de, netal OXi n t
oxi‘F& 4 2679 ‘mbnaaé?ﬁgt6¥£¥g§9aég?3?i%Egg§§dggld
m xtiziegsi nssepd reacton t ¢aapgpl yheeshe@rcror @8dat e
hi g‘%m%&@i’éﬁé’ level, to sal JgearHt)ibﬂgz§@é Utbqﬁﬂsné&ﬂ'ﬁi@ized
conditions to form nano-sized or mcro-sized :

pr el abelergeticeePIERAVT ho W REr FoRFparY i B1°E 61 Ze
di sdilebyt {9 pudb.onAif eagiiorehoriomkbng rRado- si zed
precipitate partjcles, .the react ‘ ;LN

react | BRSZBhE¢ShPAT R HY & Irrﬁexclur%éa.g?({%nﬁg%a?ai%cslg t
solutide@n atchdd tgoeesi pi tant f9obut il6AIRNI clFipédct megat

for recipitate, . .said precipitate being at |east
onég% C§5%%¥§1&%haﬁgogenide, met al hydr oxi de and
nmetal oxide; and 57

.28, A process of nano-sized metal oxide particles
comprising the steps qf: “
 mixing a metal salt solution with an oxygen—
coﬂtaiﬁing bése:
applying & shear force toc said soluticns in
gsaid reaction zone at a hignh gravity level during
said mixing step, wherein said shear foxce and the
conditions within said reaction zone form nanc-
size& metal oxide particles having a narrow

particle size distribution in said reacticn zone.

3¢. A process of nano-sized or micro-sized metal oxide
particlés- comprising the steps of: _
mixing' a metal salt solution with an oxygen-
containing base:
applying'a shear force to said solutions in
said reaction =zone at a high gravity level during

said mixing step, wherein said shear force and the

Amended Sheet
IPEA/AU



Amended Sheet | PEA/ AU an agitator for PCT/5G2007/600333

agitating said mixture in said reaction zone to aPgrgved 11 July 2668
a shear force at a high gravity level to said mxing
sol utions under conditions to form nano-sized

pr eehpit ades pardtiiel ezaiaha\eiangian nmrr@qumr rRpbes bivd

d'%&éé?ﬁ%éé!% paé&lé%“% 1§%e%t IEA%ABaIElClﬂ size
distribution in said reaction zone; and

ageing said nano-sized precipitate particles

under conditicns to form larger naQOwéized particles'

or micro-sized particles.

31. A nano-sized precipitate particle wmade 1in the

process according to claim 1.

" 32. A micro—sized ﬁrecipitate particle made in the

process according to claim 26.

33. .2 system for making nano-sized or micro-sized
precipitate particles, the system éomprising:

a reactor having a mixture of a metal salt
solution and a precipitant solution which react to
form a precipitate, Said'precipitate being at least
one of a metal chalcogenide, metal hydroxide and
metal oxide; and

an agitator for agitating said mixture in 'said
reactor to apply 2 sheér force at a. high gravity
level to said mixing solutions under conditions to
form nanc- sazed or micro—-sized preCLpltate partlcies 

having a narrow particle size distribution.

34. A feactor for making . nano-sized precipitate
particles, the reactor comprising:

a reaction zbne containing a mixture of a metal
szlt solution and a precipitant solution.whidﬁ react
to form a précipiﬁate, said.-precipitate being at
ieast one of a metal chalcogenide, metal hydroxide

and metal oxide; and
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an agitator for agitating said mixture in said
reaction zoné to appily a shear force at a high
' gravity- level +to said mixing solutions under
conditions to form nano—-sized precipitate particles

having a narrow particle size distribution.
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