25 August - 2006 WO 03/ 072659 PCT/ BEO3/ 00033 METHOD FOR REDNRIUSKZIPE S| ZE OF
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Particularly, the invention is in the field of netallic oxides, hydroxides
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The synthesis of oxides and hydroxides in nanostructured form facilitates the
manufacture of components and devices with madified andlor superior performance. An
additional benefit of grain size refinement to the nanoscale range is the elimination of

30 large voids at grain boundaries, which often 6ontribute to deleterious properties. The
recent demonstration that nanostructured ceramic materials (i.e., TiO.sub.2) can be
superplastically deformed at relative low temperatures and pressures, as described in
the examples in Nanostructured Materials, Vol. 1, ‘1992, has important impiications in
net shape forming brittle ceramic and intermetallic components. In industrial ¢oating

35 applications, for example thermal barrier coatings, reduction to the nanoscale is highty
effective in increasing thermal impedance. In dens_é ceramic coatings, nanostructured
materials have the potential to provide high hardness combined with good fracture -
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crystal structure, namely the hexagonal .alpha.- and .beta.-phases and the cubic
25 .gamma.-phase. In nickel electrode applications, the .beta.-phase is usually used
because of its stability during charge-discharge cycle prbcess. However, .alpha.-nickel
hydroxide, although unstable in the charge-discharge cycle, is capable of storing‘ a
higher amount of énergy due to a higher valence charge. Current nickel electrodes are
less than ideal because of the low volumetric energy density of the active materiats. The
30 theoretical x-ray density of nicke! hydroxide is 4.15 glcc, but the present electrode can
only achieve a density of 1.8 gfcc. This is primarily due to the large micro-sized voids
associated with the processed electrodes when using conventional nicke! hydroxide.
The particle size in both naturally occurring and commercially synthesized
manganese oxide is on the micron scale. Crystallographic s{udies reveal that at the
35 molecular level manganese dioxide is constructed from octahédrons, each consisting of
six oxygen atoms surrounding a manganese atom. The octahedrons are finked at their




35 nol ecul ar | evel manganese di oxide is constructed fron?df¢det®®ns, each
consi sting of six oxygen atons surroundi ng a manganese atom The
octahedrons are linked at their 2 25 August 2006 WD 03/072659

PCT/ BEO3/ 00033 vertices and edges to formsingle or double chains. These
chains share coners with other chains, leading to structures with tunnels
or channeweofioeesed by rows of atomc enpty sites. Boepssnasdf these
channels is related to the nunber of manganese-oxygen chains on each side.
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materials 25 suitable for catalytic applications, i.e. naterials having a
hi gh densi t%}‘dd?reﬁé'fu? ?Pé‘mé'ﬁ ﬁt@g‘zesﬁl‘%@ﬁ%’ap?rétPretH'?éseﬁé%‘QW%’d?’meéat‘HPs Mtrafine
powders wi tthatpastdstabledetsigaraborlcatsspHabestan slstriown ® eker tebpsatire. Aigd er nat i onal

ADP! | Cat} 00 na RETHALEOLAORES so Ll SnRLACESReaud Y ERR ToCNaN! Cal |y

acti vat ed c em ca rea and a suitable
reagent whi ch octuig beiseereby tieebavg dirsussiani despiterreeant dryelopmentsr i subsequent

30 heat tr esphifBdid opﬁaﬁoamcmehl Mera@w@re stm@ma@s %’eﬁééa%rcﬁbte@é?st baption a
conposite st IS rains of the

" nano- phase rg%}ﬁ%c{s:{'h\%g e ?%p?{n izaﬂ E@V"Q w?nch pro%uce materlals \ﬂhlé}\ are s ggle or a

wide range of industrial applications. There remains a particular need for materials
25  suitable for catalytic applications, i.e. materials having a high density of active sites.
A method for the manufacture of ultrafine powde'rs with parlicle sizes less than
50 nm is described in International Applicatioﬁ No. PCT/AU96/00539. This process
involves a mechanically activated chemical reaction between a metal compound and a
suitable reagent which occurs either during mechanical milling or during éubsequent
30 heat treatment of the milled powder. During mechanical activation a composite structure
is formed which consists of nano-sized grains of the nano-phase substance within the
matrix of the by-product phase. Removal of the by-product phase yields nano particles
of the desired material. _ '
The above described prior art techniques require the occurrence of a
35 mechanically activated chemical reaction between the starting powders to form nano-
sized particles. Uitrafine grinding processes such as attrition milling are known to be _
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Moreover, the transparency of the ceramer may be diminished upon the addition of very
25 small metal oxide particles, if the particles agglomerate within the polymer. These
particle agglomerates act as larger particles that may scatter or reflect light. in addition,
during the preparation of ceramers, metal oxide 'barticles may precipitate creating what
appears {o be separate layers(s) that have less than maximal transparency. For a
transparent ceramer, the small metal oxide particles must be highly dispérsed {non-
30 agglomerated) in the polymer {o avoid light scattering. A
~ One method of ceramer preparation is to treat metal oxide particles with specific
organic acids, or other surface active agents, before combining the metal oxide particles
with polymer precursors. It is through that surface-active agents coat the surface of the
‘metal oxide particles and create an organophilic inteﬁéce with the polymer
35 compositions. An adsorbed organic fayer on the outside of'the metal oxide parlicles
'sterically inhibits agglomeration resulting in greater metal oxide particle dispersion_ -
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particles t flpseulation er agglomeratmn of the metal oxide particles. Heating also tends to induce

25  sintering of aggregated of primary particles, especially very small particles that have
-~ very high surface areas and thus higher total surface 'energies. Because of its high
dielectric constant, water is an excellent medium for crystallizing and stabilizing metal
oxide particles. However, metal oxide particles that are formed in water are difficult to
transfer into organic liquids without particle agglomeration and concomitant transfer of

30 water.

- Lithium based batteries have become commercially successful due to their
relatively high energy density. Suitable positive electrode materials for lithium based
batteries include materials that can intercalate lithium atoms into their lattice. The
negative electrode can be lithium metal, lithium alloys or compdunds that can reversibly

35 intercalate lithium atoms into their lattice. Batteries formed from lithium metal o fithium _
alloy negative electrodes are referred to as lithium batteries while batteries formed with '




very hi-gh surface areas and thus higher total surface eng$fugest20B8cause of
its high dielectric constant, water is an excellent nediumfor
crystallizing and stabilizing nmetal oxide particles. However, netal oxide
particles that are formed in water are difficult to transfer into organic
i quids without particle aggloneration and concomtant transfer of 30

wat er. Lithium based batteries have becone commercially successful due to

their refmenyds (negptye elaelrefie) @elivei materigliihah pare intrysalateithivndens atee

materi al Sref‘é?Fedl thld3 Ii'ﬂﬂbth%‘?gatte?@%t ] bﬂ%r td"ﬁllo’dg@e i’f?ﬁ;r@\yédada?teﬁwtvaﬁ@tfe
intercalate lithiumatons into their lattice. negative el ectrode can
be |ithi umpiesalgl have bﬁﬁmjrﬁxam!f@ﬁsf%ru%ﬁﬁ&ﬂmet Em&ltl&%uﬁlﬁ?fé@d?)s iapliye 35

i ntercal aﬁm&e’nbk%k‘iﬁhﬁhﬁ”ﬁ%séd%&ttérié@' ‘A '@Fsétgczﬁ-mﬁéﬁélgrdr@%s&ﬂf Feflhiufem i thium
metal or ltthium alloy negative electrodés are referred to as |1thium

bat t er i esbager| katissies.cFore sxaroplaedangdiun &ides inuepitain PridatiomAtatgsode (negati ve
el ect rodedndifld \RatdRAIE o lind NAbacAth |t GSlAbRotrdddd! M IR Bhed T of erred

to as lithiumion tteries. In order to pro uce | nmprove atteries,

vari ous laftedes.aflsohmetal wenadiunx axife eampesitionschays bean insatifigdrsshavinge
el ectrodey; gﬁ%hégfdue{ﬁ@{n@é L %Jhﬁéo drld2h it DagiRt haddt ﬁrdo%ve éle\é%aé‘é y of

mat eri al s ased bat'teri es. , vanadi um
‘oxi des i nfog &ithiv fragsd @atterms Silaregnadigm exlde@es\ﬁepwﬁt:téarlyahehfenergme

product i oL y%ﬂﬁ' ﬁgl‘(%oﬁ}e?geﬁ%l@ss Win Lsdd W?ﬂrﬂﬁqﬁs @%ta{tgrrésessllvé‘l so, netal

vanadi um oxli e co tions have been identified as having high energy
densi t i esvanadiun @hdepbamneaélﬁw fouad partiselar useit the prsiwictidne implastablsdes  f or

| i thi um bags&d: Rakb @fak% whrd YR Bé{ﬁé}?t et @(\Ahglﬁ tggrggﬁarﬁé‘rat bﬂ&ﬁcﬂéﬂ ¥ hi gh

energy density an power m based
bat t er i esdeligen lgge pumﬁ@tﬂemrgbm rdmdtsam@rsmswmanéerfwnddqoerrles‘ra:ul ar use in

the pr oduct i ufoal s AihaLhén FAGALAT ASld Ro! IRlPTaiges dhg dattery

nmust be able to arge a capacltor I'ver. large pulses of energy in
rapid sch@@@Boﬁ)e wosim:twntqirsugenwmert@MI hasdheeNaepptedtiyonebotmsechheen

Gueh nanobsr il SYAEEHE aS2RRBA ARSI Rofidensél Fie JRRERTSER O ©
synt hesi S$p@dsdﬂb®$©nswﬂl¢m&ﬁds pluetendaeasred qoha@eemtmmmeedinrqrhngs peed
- Gepost 1 CoiiioR UniSy-641 43R0 HHE: neERR oA 4 muRlefle Bk | N0

deposi tionan ese ssu rom nurrer ou's
dr awbac ksgncludmglagglon'garatgzgl bnoad aarrtlohe smerd)etdbqﬂmnt ocibe velupe pfoduatiobut i on, or

| ow velue: pr g Rl (902 URYSTY Rk b hERETacs chRREe Ler e L
corrpoundsproSMd\fAR’ﬁaElﬁgﬁlanpalWEedef@feté'llmcaﬂmbmmdenc| es of the prior art as
di scussed aboyg, 3RRBGEYREIRVENHON

The deficiencies of the prior art as discussed above can be overcome or

alleviated by the materials and methods of synthesis of the present invention,
‘wherein nanostructured metaiiic compounds, including oxides and hydroxides, are
' produced by cost-efficient means. |
The present invention is based on the unexpected flndlng that a substantial
portion of metallic compound particles or agglomerates suspended in a fluid can be
significantly reduced in size by flowing one or more times said fiuid héving metallic
compound particles or agglomerates suspended therein through one or more

magnetic fields.

In a first aspect, there is provided a method for reducing the average size of
metallic compound particles or agglomerates suspended in a fluid by flowing one
or more times said fluid having metallic compound particles or agglomerates -
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alleviated by the materials and nethods of synthesis of t2Adugrsb2adat

i nvention, wherein nanostructured netallic conpounds, including oxides and
hydr oxi des, are produced by cost-efficient neans. The present invention is
based on the unexpected finding that a substantial portion of netallic

- conpound particles or agglonerates suspended in a fluid can be
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havi ng net abth said orggoeticdiighdistat ddass 2000 apgéoanet ahesingh Bndardlont rafe08f6

suspended &hRMRIdthidIER Yath QREnRENER RIVBRETdH 0 2htlsod fvd. educe the average
size of a substantial portion of the netallic conpound particles or

aggl ?me[ at ?S by f‘l’fias!ee@&taé&cf’,/%hé?égé gf@hﬂeﬁ_amtitnb@saﬁér pp64ss Whelhvirigntheal ?' |
supstantl a . . - pnartil Ccl es
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least 2,0006Yghlgast ethrrvesidr sizeofia syoatantial partioatol sgjl medalligicamraundt hr ough

each sai d padicketiocaddleheratss, Whtreresnidst2p imhded 2 meétiod dddefiredabode.aspect ,
there is provided an industrial process involving the use of netallic
conpound particles or agglonerates, conprising a step of reducing by at
-l east 25% BRIERDESDRICHONOBTHE BRABIEGE al portion of said netallic

ol T nod. aboue. MO EFeBRSCHS PP eR ok RN EHARICE OBl SIAMSIS FIPaRtnt s o

reservoir sysdr@ng tothe @dehRtdrNg out a magnetic treatnent according to the
invention. Figure 1 B represents a closed systemfor carrying out a

magneti ¢ tr eat nEWE 1EgPIESeNS GUdgsed systemigr Y NE Bt 6 MRSNS §P%€T§’§§ accordi ng
to the invention. Figure 2 represents the distribution of relative nasses
of particles in the.range from5 nmto 5 pmof a concentrated calcite
suspensi on before and after a magnetic treatnent according to the
invention. 5 Figures 3 and 4 represent the distribution of relative nmasses
of particles in the range from5 nmto 5 -pmof a cal ci um sul phate

- suspension before and after a nmagnetic '

6a.




after magnet i ¢t WH%““’%@SFGT”HG“’P &' tetalive REssps Plopart

treatment according to the present invention. Figure 5 ré@&freseshtltt he
evolution, as a function of tinme, of the voltage neasured in the turbidity
determ nation of a calcite suspension before and after magnetic 10
treatments with different nagnets according to the invention. Figure 6
represents the evolution, as a function of tine, of the voltage neasured

~in the tuwbioglitteso det ermi nati on of a cal cite suspensiranpeefonse and after

magnetic treatnents with various durations according to the invention.
Figure 7 rept@afRishdinvemsed system for the magnetlc treatment of a

di spersion 15 accordlng to the ipvention. gure 8 represents a reservoir
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i nventi on. ution of relative nasses of

particle¥ i Heqq'ﬁ‘%"e{?‘%ﬁ'dﬁfpef‘r'B?H"Stsﬁﬁqq%‘gé%ﬁ?ﬁf""‘ir@@" pmof a yellow iron oxide
pi gnent. di sper siFigurdedepresentsrtte evbluton, ad a\mﬂmgnfetmecoftmeailtamasm‘éd di fferent

durati ons. WE'tgﬂdﬁﬁ‘y §ernﬁ,gr.§fsph cah c:ﬁ'éa sgéé) .bsl)qtgl QJ?oeranﬁ %@Ef usgﬁe as a

function of the wavel eamin a resonance
spect roscopifeaé'ﬂ%’l‘%/%'rhe’aﬂﬁ“sé[“’é@ﬂﬂ&F‘@P@mgl"%? iENHeP-a nagnetically treated red

i ron oxide pi gnmeyuredi fpRESHOM clodeld Biktén bf tHeGRigR&R Nietnichtof @\dRpELILON, as a
function of tine Ihe voltage nmeasured in the turbidity determ nation

of a cal @i uﬁ?cﬁ%]%%% 'Qveé’d%rbeny on before and 35 after magnetic treatnents
with various durfiguredirepragentsradisegrotr systemefor thewagrietivtreafhegtiofa dispersiomemat i cal |y

represents QccBH[nB't&hérﬁ&&rhorf or nonitoring changes ina 7 --- - -------- --
------ August_ 200 WO 03/ 072659 PCTBEQ3/ 00033 susBenS| on before and

lepEFPRIrAfIONS

from 5 nm to about 100 um of a red iron oxide pigment dispersion before and after a

20  magnetic treatment according to the invention.

Figure 10 represents the distribution of relative masses of particles in the range
from 5 nm to about 100 um of a red iron oxide pigment dispersion before and after two
magnetic treatments of different durations. '

_ Figure 11 represents the distribution of relative masses of particles in the range

25  from 5 nm to about 100 um of a vellow iron oxide pigment dispersion before and after a
magnetic treatment according to the invention. '

Figure 12 represents the distribution of relative masses of particles in the range
from 5 nm to about 100 pm of a yellow iron oxide pigment dispersion before and after
two magnetic treatments of different durations. ' )

30 Figure 13 represents the evolution of absorbance as a function of the wavelength
of the incident beam in a diffuse resonance spectroscopy analysis of a concrete
including a magnetically treated red iron oxide pigment dispersion.

Figure 14 represents the evolution, as a function of time, of the voltage
measured in the turbidity determination of a calcium hydroxide suspension before and

35  after magnetic treatments with various durations according to the invention.

Figure 14 schematically represents a turbidimeter for monitoring changes in a A




The term " netal conplex salt " as used herein refers to2aAsgaist2086erein the
anion, 5 the cation or both are conplexes. The term" particles " as used
herein refers to discrete individual units, e.g. crystals; of a netallic
~conpound and being part of a popul ation having an average size within a
range usually between about 1 nanoneter (nn) and about 10 pm preferably
bet ween Wo4Hu7pe and about 5 pm The mi ni mrum aver agecpaedicase size of 0.45
pmrefers to the io nomnal pore size of a filter used for filtering the
total suspengdechAlbbas Mﬁmagﬂaﬁ@waméatsae@&&ﬁ @i iSRRI ned by E. Vi ner
in Applications of EnV|ronnenta Chem stry ( 658 page 67 (ed. Lew s
Publ i shers). The term" aggl onerates " as used hereln refers to assenblies
of particl epEFIIONGS part of a popul ation having an average size within a
range usual |y R ioRe el Alnd Ao Mos 1SRRI 100G 4 ©

nanoparti cl es as use ere norefers to IC

popul ati n Hevhleg oabrindre cengiexss-ze belom/about 0. 45 pn1(450 nm, preferably

within a rangge t&%wﬁ{’biés THY S herstOrdlers6 QisétBle indfidlhr LAsL &R drlslfeRl PTI ON OF
THE | NVENTI Q\l entl on rel at.es a met hod and

T ppar At udl § el toptroinacand pong Pitararopgata WEhis ST aBRes HE VIR So00 “wor o
preferably engt easly B0%en Bbait 1 awmnstse (ren)zed aboud 18 wins pafetablybetyeen i on of

netal lic Comgumdane%adtgluﬁs TR mfagmnpmraa& ‘5§r’ucl§ gﬁwgﬂﬂ%m Retds folthé d by
flowi ng one or nore sa

I d ui d havi ag Qﬁﬁ? ound 25 particles
or aggl oifer A¢raeal E?f%%‘hﬂféﬁ "?rﬁ’é?‘éﬁc’hﬂtﬁ?ﬂ%%‘ﬁt ﬁ@p?ﬂde B el ds. The
present i nvesatki, @8 egplaivdddeySE. abeia franptlicstiohobf Etivrinenty! Chmmﬂtqre(zfzfge size of a
subst anti al gg%?t(éaogevf?JPdﬁﬁéh@Js# i ¢ conpound particles or aggl onerates

) ng.

suspended i B rising: a source of metallic conpound particles
or aggl oner at é5e Wﬁpéﬂ@l@ﬂe’?tﬁs aa§ Hegddereinergiess tofagremplinsadf Rertielep. B#i6d or nore

- magneti c fi girfl§t a papsktibRRVing faP bverdg elz8 Fittfdh Fhnbé LdudilylbaweBatdidt 10RInA! | i C
conpound par%in I@go%maggl oner at es suspended therein one or nore tines

-t hr ough Phe? e magnetic fields. A nmeans for neasuring a turbidity
of the fluid wiThh termt atdnopariises aasruded aereinoblers torpadiglgs beieg paresf suspended

therein may,QgaldCharedn ave‘eaga%aze%ewabsm@&'srunms@nasarp\@éré;ébgy wilhf€a Of netallic
conmpound partl cles or ag%domarat es suspended I n the may al so be

provi ded. 3Enagkedvernd gmaAdebut &N net hod, it shoul d be understood that the
particles or agglonerates submtted to magneti c treatnment include at | east

metal | i C,,CO ?MD@D BspABusH 10RO MENO03/ 072659 PCT/ BEO3/ 00033 particles
or aggl oner de non-netallic particles or

In a first embodiment, this invention relates to a method and to apparatus for
reducing by at least 25 %, preferably at least 50%, more preferably at least 80%, the
“average size of a substantial portion of metallic compound particles or agglomerates
suspended in a fluid by flowing one or more times said fluid having metallic compound
25  particles or agglomerates suspended therein through one or more magnetic fields. The
present invention provides an apparatus for reducing the average size of a substantial
portion of metallic compound particles or agglomerates suspended in a fluid, comprising:
a source of metallic compound particles or agglomerates suspended in a fluid, means
for generating one or more magnetic fields, and means for flowing said fluid having
30  metalic compound particles 'or agglomerates suspended therein one or more times
through the one or more magnetic fields. A means for measuring a turbidity of the fiuid
with metallic compound particles or agglomerates suspénded therein may be included.
A means for measuring a particle size of metallic compound particles or agglomerates
suspended in the fluid may also be provided.
35 According to the said method, it should be understood that the particles or
agglomerates submitted to magnetic treatment include at least metallic compmjnd E




aggl onerates, e.g. carbon particles |like soot particles. 2H8vast2006i n t he

| atter case, only the netallic conpound particles or agglonerates wll be
affected in sizes, since to the best of our present know edge the size of
coval ent compound particles or agglonerates s is not significantly affected
by this magnetic treatnment, contrary to particles or agglonerates with
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is invention ma ver e
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per ger manat pasticutaheib abaysbhe pﬂeatédeftahetbe grauphenmaitting, ofpmetahb:h@satnml 30

tantal atgs, ﬁ?&%ﬁ@én?ét?tsﬁﬁdes,t &4l @S{E@&&S meBP{eflf‘&éy‘ﬂd%ﬁﬁmat%H% ih@?eﬁls

t hi osul fates | urates, , persultates, carbides,
hydri des,. b‘dF%{?‘@éhe P! sy &?18@ to agy pigHgupF it de 49 oy 687odicdaplesSuitel? ot i t anat es,

bor ot ungst a&)@ﬁmple@@fcfubé (wﬁéré?ﬁot Ilﬁlltéd 16 2iRSoxide Adine Hyhakis: calemrh m@drédde, Ni trites,
per azot at es, ars ar S, t es &gﬁl’ ar senil.at es tes?)g‘gl’ om tes

i odates, pef{o84 “"? g o380, G Bx e LD e, mﬁ%ﬂ?&%ﬁ‘f’a
per manganat a@pnltum bydtﬂjam@shydmdmaqﬂdtﬂatwsle Siiver vanadinm onmwébe likeanadat es,

; g; £ PLC’;??;‘Q?S?‘V@@ gefalné BB prsehih iRNAHRRs ofadgfoRiRateSe b€ Hagidatany. ferrates,
y treated according to this invention may also be selected from metal organic or inorganic

salts or metal complex salts. Suitable examples include, but are not limited to,
carbonates, percarbonates, perthiocarbonates, perdicarbonates, perphosphates,
perdiphosphates, pergermanates, rhenates, perrhenates, ruthenates, perruthenates,
30 tantalates, pertantalates, technetates, pertechnetates, sulfates, thiosulfates,
thiotéllurates, sulfites, sulfonates, persulfates, carbides, hydrides, borates, perborates,
borohydrides, borosilicates, borotitanates, borotungétates, perchromates, silicates,
aluminates, nilrates, nitrites, perazotates, arsenites, arseniales, perarseniates,
bromates, bromites, iodates, periodates, iodites, periodohexafungstates, manganates,
35 permanganates, molybdates, permolybdates, perthiofnolybdates, vanadates, _
perthiovanadates, titanates, pertitanates, zirconates, chromates, ferrates, ferricyanatés, '
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cobal t, rhefHitaMe JrEainvindieuiife meseat @V@fiorg?relppefqr@b%fﬂawwe apgd Ziremivet.  Tabl e
sui t abl e f oMetaRof grbupd dftHe Heh®lidTaeR bitable foreirtyirgRuBtheprigsedt inveatdnyarali ckel ,

pal | ad up g Bl LA b5kl il APk Fe S REFLRCL G oR) o suiabl e

for carryin rESente - rnven efer silver and
gol d.. Met al earying gvtdhﬁ)prg@nbmvemm FPeprelgtbly ciatiug), RBlybdenemishdtungstenc ar r yi ng out

the present MeNeNdrb®Y iR FFéﬁﬁflceFa%Q'thaﬁie'?&cafﬁﬂ@%hﬂﬁé ﬁf@éimt .ﬁwnﬁdhraye Metal s of
group 13 of eriodic Ta e sui fable for resent

Poont i on_ aPEEPLTEPEDRS I P MRS APU PRRISTES! or oup 14
of the Per suldile fdradarmging wiut sl mreéeur ingexttiory iareg prefetablyhieonp retsennim ianvent i on ate

pr ef er ab,y sgramrmgﬁé@e@ge o o o O sl D FEB froddlpl e Suitabl e

for carrying i nvent1 on trnony and
bi smut h. An‘?VQBF'O"s%% Are ecopaﬂtdrh@wwuand W‘d'PmsM%t@lS ﬁ%@rall'Psmrﬁﬂheb%e"Q@W t abI y

conbi ned, i TapldwitdbRyoR @frym@bm tnarpre@ént lniv&ntiﬁhlérlb%i’ﬁféréfblyat\iﬂdei a&;b@um 8Ad opes, with
any ani oni c%lgr Qup salts

oL ool Rt ReRS ot rii of vl P P e B iyng BLtB preeTE ™

invention are preferably copper, silver and gold. Metals of group 12 of the Periodic Table
25 suitable for carrying out the present invention are preferably zinc, cadmium and
mercury. Metals of group 13 of the Periodic Table suitable for carrying out the present
invention are preferably aluminium, galium and indium. Metals of group 14 of the
Periodic Table suitable for carrying out the present invention are preferably tin and lead.
Metals of group 15 of the Periodic Table suitable for carrying out the present invention
30  are preferably antimony and bismuth. ,
Any of such above individually listed metals may be suitably combined, in the form of
either of its currently available isotopes, with any anionic group individually listed herein-
above. ‘
Suitable metal salts also include phosphates of one or more metals of any of groups
35 1to 11 of the Periodic Table. - ' ' |
When the method of the invention is performed on metallic compound agglomerafes '
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35 1 to 11 of the Periodic Table. Wien the nethod of the2pAvanst2l®h is
performed on netallic conmpound aggl onerates 10 - --- -----2------- - -
---- 25 August 2006 WO 03/072659 PCTBE03/ 00033 (such as above def i ned)
the average size of a substantial portion of said netallic conpound

aggl onerates may be reduced to a range from about 0.45 pmto 5 pm and/ or

t he sai d wobst7230i al portion of agglonerates wth r eduseeosizze i s at | east
50% by weight of the suspended aggl onerates. 5 \Wen the nethod of the

i nvention i ggpekf %Bﬁv?eddéﬁﬁ’edmthélal/ér@e%p&%guﬂ%t%ﬁﬁdl %Bﬁﬁn (S & me@fic above
defined), the average artlc Si ze said netal 'l c comp ound Partlcles may

be reduced °PBPANY efar“ﬁ’rﬂ‘ad%{ﬁd”??d? ?\WP@%”%%‘I?&“ Qjﬁ)“”hﬁ‘h WY AP ably from |
to 300 nm thesaid spissednel abrdtign 6f agglonerdtes idlbOeduned simsit apeat 8%yl weidtom 5 t o 100

~nm and/ or t | portion of particles with reduced size is
at | east Zoyelgégdv\gendﬁ&lp%ﬁmﬁé 10 susrgended particles. The skilled person

under st anrids t e“ﬁﬂ?é"?é@&déﬁﬁﬂ‘e fnyentipn ig perofRedan etallic cappany patticles d¥ebund
particl es oms aggb asmRed) @8 avs‘“vagb(pﬁhlﬂedzdiﬂléﬁﬂ dﬁtalle'torﬁpiﬂub(d pHARRs tnagbéragnet i ¢

field str en%dhce%rlg atrgrgllequcjarrnaatbf)tﬁrb 50 nm [0 a%ﬁﬁt%ﬂ tnmn pre[eﬁa% rysfH)%p‘F %%08” | ncl udi ng

such particle ar aieters” such as,
but not [ mmmprefgrablwfremrﬁatomoé nnj mo%)rqﬁ%tahly arto t19|lbnm@n¢i/@r the PRl ng

charact er a@abséhmlpemsﬁ 'bﬁBQ-ElJ‘Qs Wih lehRedRlzalid laf 1caeNW9Y BF welghtof the OW rat e of
the fluid mere"&,‘@ﬂ@@'ﬁ‘i netal lic conpound particles or agglonerates are

suspendelf, Yf@e i¥ati on of such particles or agglonerates in said
fluid, the physistiiéd aerdorclbaderstzatls dehdhet exers tduwhichg ther sizet ofemetallic he

crystal || b AUl b BIANG b et SR 308 adeRRechR b LS nd B iiesence of

optional other congonents 'h sald part| es or & onerates, and so on.
Al | such pafielfeifesnis 2 fhe dH@W"tﬁ%tr‘%ﬁt@%Qfé%S‘{SPﬁrﬁ'mﬂ !E‘F‘P @&Suﬂ'ét’aéﬁ'q% °F bei ng
understood biAdmdrdtes, bt slso\wpdrootiie? parbringtgs sadhl a3Vbut hét ligkéd tbatie maurs g t o perform

certain %L@ct.u'lap i(gn?c t:ﬁl%@‘ﬁ cgﬁgﬁéﬁkg EEP&%] glée(ﬁ?trht Itlj;la .%85’?& z{&ﬁ%{)ﬁ%g Sheé) f

par amet ePs o ac evin goal’s o ention w undue
exper i ment aflowmteleh theP‘iL@* wheigin 9het melalfis peroporprk perfivies: treaggiomatates re onpound

ItOart i cl ?S Ofsus%&meanlhéaéoﬂc&en@étﬁn to?%u&llﬁé?ﬁi wdest bg&j;lo?nelrdtél;uindstai#?ﬂtﬁﬁ thé"?
enperature ure conditi vai e iC
trontont | PRt AT gAY e ot e Pty e reStelieSm o1 SpoPRRGRE, o

al t hough t Ialwps anf ﬂhefdaulr:lds ey predence d!f@pmalowﬂmrmpmp@*ehtvema;d articlep @st ance
sel ect edy I gdnieaed, Bhifso d;noﬂﬁéuéﬁ bdblinchlrs RhI5D L Sisc BSAHS il DL, ket ones,

am des or ures ereo I nat1 on of such %anl c sol vent (s)
with water. bq‘?ﬁbﬁ"@ers?"%@aﬁﬁ? fPVQY‘{J'lgé‘?acP'EGﬁta\“?‘&fhpéﬁﬁq.‘j’ri’éfﬁ"@@ PEREMB&IRe of the
particul ar {dratighs ad edchtparafier avthdeftéin 6EybIlRGorRdA phrafiefes fbrhmhibiingathe

goals of the invention without undue experimental burden. . ,
~ Preferably the fiuid wherein the metallic compound particles or agglomerates are
25 suspended is a liquid under the temperature and pressure conditions prevailing during
the magnetic treatment of the invention. More preferably the said fluid is water, although
the said fluid may also be an ‘organic solvent, for instance selected from the group
consisting of alcohols, esters, ethers, kefones, amides of mixtures thereof, or a
combination of such organic solvent(s) with water. There is no particular restriction upon
‘30 the choice of the particular fluid of interest, which may be adapted to the usual
conditions prevailing in the industrial application for which there is a need to significantly
reduce the size of metallic compound particles or agg.lomerates involved. Important is
that said metallic compound particles or agglomerates are substantially suspended, not
dissolved, in the said fluid, i.e. preferably suspended in the form of a slurry wherein the
35  concentration of said metallic compound particles or agglomefates in said fluid is at least
1.05 times, preferably at least 2 times, the solubility limit of said metallic compound in
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conditions prevailing in the industrial application for @hfedust¥8be is a
need to significantly reduce the size of netallic conpound. particles or
aggl onerates involved. Inportant is that said netallic conpound particles
or agglonerates are substantially suspended, not dissolved, in the said
fluid, i.e. preferably suspended in the formof a slurry wherein the 35
concent r awbose7eds? sai d nmetal li ¢ conpound particles orcaggéomssates in said
fluid is at least 1.05 tines, preferably at least 2 tinmes, the solubility

linmt of saiggd maaalnhércm@@ﬁmum@enﬁﬂaratulel ;?réssﬁiégﬁﬁé AR (p\ﬂ@cen’ung659

PCTBEO3/ 00033 d fl d
cheni cal %@‘hd‘ih{‘ﬁ #J;Dmng SBHS(VEY F‘f“H@" %ﬁ Wagn?t'g’ gaﬁ’ng’grf%%?"&'%@ dWﬁ?F%JLEZJUSE t he
magneti c f i ebrui(rsmetaffmgorﬂmuu:bld 2 toprtdin fuid iDh perangetar tveich isresitiadr | readilg onpound i n

a certain it b e RS réear%,cmagmeieas@'&e%ﬁ@ ARk YR (BIsbBl © 10 the

literature or which eea5| eterm ne son by 5
usi ng t eéhm“ﬂi‘.ﬂa@crwglu?s W&W’] i uielﬁ‘ dirie wef {mqw§ i the selybilin 3"’("F15‘?V Phe
sol ubi l ity heaviyt depryddae upmeampbrytu:temnmmeruwutsadmemt (13 Qzaﬁﬂfuﬂy pH,

therefore i tdetgl}ﬂ\%"éd %lhérl e ﬁtergﬁreq@&tg?t%l)&%( its Qﬁ: %9ﬂc‘3hr%? ratlprg ar&d él—? rature is

sil ent about I ons. For
obvi ous pr a&grddiens. rFe!a%\rws mfécajmﬁépn%éhﬁ:emer &PW@NF&B@“ Phéherrmtﬁlllq?l c

Icormogncl_ paE&rh;fbbﬂ:deﬂfcleﬁﬁQﬁg@ﬂﬁé@fe@ﬁw thélﬂauhemérl 4k fuid mmu.a medeftérwn_sd i tsha ]

i qui | erm ne ui d roug

t he rragn‘é’t i g {"FQP%E’% 9 %WQK %‘fdfef%‘lf’tqﬁ f‘%@ﬁ ne "ffl(')%t)rab‘f"e%eg'vﬁ ngak  get er ni ned
by the vi scéei el m‘IStdlaBrrmmadlbwltreuspmrtbswfdwﬂu@shgpehmn t he purpose of

|| lustration, cyf&undilimie Gﬁi’lust\’ﬁbﬁ‘%sfe\ﬂmfmgﬁa!gﬂahﬂ&nm%ﬂe &\%ﬁrf@'c@rtalﬁret allic

conmpounds corresponding to wid ){ known, |arge scale, 1ndustrial
appl i cat i on&etali opnRs CRERSRINCINg 1. WRRlY, Knwn; '§"9631’3&"1 (Hvsrigt erpficalienss uspended i n
t he f orm of Whan aqmetauis cdbriposids ¢ajcium daghonatn easpeiidat] indhe fom dflae ag@dods S| urry may

be from l%b O#Erﬁﬁ. 95 Qa{céntrtaﬁ)ngwpﬂ\gtsa&%lug{] |'n’a};l b& FrgrL %é&p ¥ n‘TEYLQE]ag’éﬁQ E‘é}d— to 3.5 g/L

When the e I'C cogoun cal ci dr ox spended in
the form opPrekrbidoesaemelir3§olits concentratlon (solids content) in said

slurry may bewﬁa@memrc cordféuh®is 2BEH hﬁcﬁ%&? in&lpguspémémmtﬂliberoﬂ@t allic
conmpound i s

f
S urryn i <o ettt Siind T RoSrlon KoIGRRERT R ok Py Sy bR (Prhatbe 1 om
about 0. 6% 2% talebat 16%%ybyeigik iVifien. thd-ogretatie rormpaund jseai &dn @gelel pigrednt ons, t he
fluid wharegppddagq mqh@'fdnh Gf srpaaua&ﬁdsnﬁgr hd &Jn@&trgtion (ﬁmae ngfy%@r e

suspended a gas nay al so be w del y depend
upon t he ch%'PﬁVdEﬂyQ?(ﬁfﬁg‘taP?%Pﬁéﬁ"é‘??HtQoé‘aWth\thy of the rret allic conmpound, in
25 parti cul ar Foferiaiatpecial applickiivas, ai flukl iReaCchamelivednipoliepaiedlor and the

cont ext of LGl AR ol Bbo@RRl 0, Ol CONFSENSHg oERY: dTRE 8Ky Vo Che

netallic co r through
t he magnet i widely egpand yion thetchemipad cegistitition and reactivity of the metaillc compound in

25 particular the nature of the anion associated with the metal, and the context of the
industrial application concerned. For instance, when the metallic compound is calcium
carbonate, it may be sprayed in air through the magnetic field. When the metallic
compound is a transition metal oxide suitable for use as a catalyst for a chemical
reaction, the gas may be oxygen or oxygen-ehri'ched air or a non-oxidising gas or an

30  inert gas, depending upon the said catalytic metallic species should be protected from
oxidation or not. The gas may also be an incineration gas or a gasoline combustion gas
such as those flowing through the exhaust devices of véhicles. .

Whatever the fluid, flowing said fluid through the magnetic field(s) is preferably
effected at a temperature below the Curie temperature of the magnetic material used for

35  generating said magnefic field(s), e.g. below about 400°C for a magnetic device of the
Al-Ni-Co type. When the fluid wherein the metallic compound particles or agglomeraies ;
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conpound is a transition netal oxide suitable for use as2dAeawstd0P8t for a
chem cal reaction, the gas nay be oxygen or oxygen-enriched air or a
non- oxi di'sing gas or an 30 inert gas, depending upon the said catalytic
nmetal lic species should be protected from oxidation or not. The gas may

al so be an incineration gas or a gasoline conbustion gas such as those

fl ow ng twooughsst he exhaust devices of vehicl es. Whatceseesovde 1 uid,
flowng said fluid through the magnetic field(s) is preferably effected at

a terperat Uak AgleAid g n@v;ﬂg@ma@a WickiaiPdaid REarURONRIY) & iFmrahy 2l used for

35 generating said nmagne bout for a magnetic
o, o2t Rl ok eyt bbb e iz g A e o PSS ot o
particl es owf syfludrupda tieprestdre plevaliing whie ROBOG saBuid 3ruga 659 maGEBEO3/ 00033

are suspendgglyksrg nl!sjtaﬁu:{al \gl?efnféaﬂvﬂgfags @éb%nhér%%ééﬁﬁé}fc%%&ré %an etic

field(s) is preferab reezi ng

t enper at dr e 'WFH‘“EOH@‘ Eﬂﬂ ragrplic Spia '8tptﬁf%ab'!b?ﬁe§tﬁﬁ &t P| lgeeriWaSeMeRAR pressure
prevailing \abuukgcfaln@mmg said fluid through said magnetic fi eI d(s). For

i nstance when.sai d . [ res I ow ng said
5"V i qui d 1 e oGh ot Sl PRUG BATRe RURESRY HA i Rk g

t enper at ur e invertioemay bexih anygepmetri¢atisrBD CW@“'W&‘D@I $uch a@@nb@umeg)@r ticles

submitted t@pﬁeh@l §érﬁcﬁésr&$ﬂ%éti@fbaﬂlﬁl@ﬁfamtl a®loutlid)i16tragbibf HRkdgeRkl BRY be of any
geonetri cal stalline formsuch as, but not limted to,
t? Bra%sg ugurire%

spheri cal® paF rismatic particles, as well as cubic, tetragonal,
hexagonal and Fold@rige indbsel Frplications.otrayes adﬁonagms toadarry blntdmmatfnodlof

appl | cat| onf ihlonRin S8n AUATHARRATA oo mBllic Lol gl (11

invention in suc erein t me I C conpound
particl es oPIMFARSER a‘fségnd&i’ @Cyd%sp%ﬁd%a‘q%ﬁce%@e@ﬂfﬁ%@"%r"@e\?r scosity
regul at ors @ RFadR o bny dmrsemewncfvmb mtast eh. &ihicCduBradante hdn-ikmewn i n the

art, e s st‘t':rf%%ﬁs - A nis! Mk %a?d ?u%%té‘ﬁtn?% 2 ohdse s3] b C

sur f act n such~case, sal d sur I'n 'an anount
sui tabl e toam%‘euﬂ@bl@emfodéqwﬁacé%bmdemn@@élﬁm cles. Preferably the nethod

accor dlt ?gt to TPFE@eréWﬁ?H%d'a@tYdMnh{;eﬁ tﬁ@m@énh&ﬂinfél\}e@Qef:&iulﬁtmg‘ @.g2in £ 38 ed

circui or, nor.e | rer.n a oun

LTIl b opost s e Bord, Meesuhe B HBGOT IRgbg R R Rt T Bo A o1 d(s) . The
nunber of r egglamecaidsatre suapétﬁed ﬂmua@w thapadreticfisl (. Theghmbe. ogre-cuqmiattlm 1g 000h

t1 mes t t roug one
magnet i c f| g'fld § Hg%ﬁ{ab? %ﬁ? eéqa5| P mgggﬁrﬁersg%%gh (ﬁ'g n]iagngm?gg &r%{%g?age si ze
targeted foHPoRd0R fimes ¢ 'ioegw;i‘l'qgmf'c&%ﬁaﬁ Fay byeasityedepied toathe srecifis n

industrial aapjakiseétargRied fdrithd ﬁneblfﬁ)ﬁétﬁllﬁfﬁonﬁ)mti ifvoRed InW @yh @Eedtil t he

retal 16 CORBUS PRThAEHAS A ne 99 \REBRINE iR QHPBRAGEHkS of | Oved or

circul ated PATouU
agglomerates are suspended is flowed or circulated through the magnetic field(s) at a

25 speed which allows the magnetic treatment to effectively perform the size reduction to a
significant extent. Preferably, the linear flow rate of said fluid through each said
magnetic field is between 0.25 and 25 m/s. In view of the length of the magnetic ﬁeld; it
may be calculated that the residence time of said fluid through each said magnetic field
is preferably between 60 microseconds and 10 seconds, depending upon the number or

'30  re-circulation times. .

A usual consequence of the magnetic treatment of the invention is that the turbidity
of the suspension of said metallic compound particles‘ is altered. Depending upon the
population of particles or agglomerates (whether large or medium-size} that i$ more
concemed by size reductibn and the extent to which such size reduction occurs, turbidity

35 may be reduced or increased, as can be estimated or measured by means of
turbidimeters welt known in the art. Therefore turbidity can be used as an additional -
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25 speed which allows the nagnetic treatnent to effectivabhugnerdaghm t he
size reduction to a significant extent. Preferably, the linear flow rate
of said fluid through each said magnetic field is between 0.25 and 25 nis.
In view of the length of the magnetic field, it nmay be cal culated that the
residence tine of said fluid through each said magnetic field is

pr ef er abl wobz7sen 60 m croseconds and 10 seconds, ®epBREioNgs upon t he
nunber or 3o re-circulation tines. A usual consequence of the nmagnetic

tr tealt lrrent Ofnrobé'@ ih H&RS ér@&cieﬁsettﬁba%smtiﬂg pédgé@sﬁgéﬁ,on Qb mlillfbt@ ﬁa.%ﬁmnﬁ: otn of s ?u d
netallic co ere pendi ng upon the popul ation o
particles orwj‘ala‘f’ﬂgrﬁ&’%&eg‘go‘fr\ﬂ?@?ﬂ A TVERIOR- o1 medi um si ze) that i5 nore
concerned by dn zesemdllembmdumrmriluia nventiexslgnprotideswehinethods foc icrsésig theduct i on

occurs, tur Héﬂnbl yof roE?mE@ﬁ'él'%%ﬂled mIetQIEJ SER&H par@:ﬁescoﬁﬁ%éﬂﬁn optdd mated or

rreasured by rrea Ther éf ore
turbidity cams@ma&@atea@f IRGOrROERNG Mefalig pigment E@E‘%ﬁi@ﬂéﬂg'mwe@‘ 072659
PCTBEO3/ 000&3terial, wherglfi mﬁeewe;agé rsuz@rodersubﬁamublanscameufism rhdisiticr ggrent | Ng
particle suspensi on e S [ ef | 0 t

enbodi nment sggrpaﬁssh?rsaqg%\ﬁ/qg}gttes 'Sg ragg% %m %9 d%n%p’ § WP %gjml%n@e%t i on al so
provi des a ﬁ@felﬁé‘éiemquim%bﬁféb@ W@O@ h3€°h mﬁﬁlbm@gmgnt@artl@!Weor@sg!@rmram a material

i ncl udi ng mah&m&ss@br&@n]brep.aertéuicccbmﬁouﬁas (agﬂlaeaarnaa RAdhe fsrsrt eﬁ@éﬂﬂﬁérﬁl ng the
step of |ncofr met,al ment

t t t d
mat eri al | B"gsrﬁ ‘%’ﬂ@")aﬁﬂgrﬁ@f’eggl %‘"8? aggr %’Iglﬁzgaﬁﬁ? %’t "g"ggt"f"% 2ol a: 3 0 sal
metal lic pi gummsuonp‘aeraof ibloggh ane caggle oragnetic fslds. ﬁxnnmatahg@rrfppwmrabwt 0.5 nmto
5 pm Accor?ibl'ﬂgntétfanBrop@ﬁéfnﬁ‘éyrbﬁ"}sé?m@ﬂ'n@ﬁbﬁ Sitab1d bandPRt BOdicn Sl Metal lic

pi gment particles or ag? rise one or nore netallic
Bonpounds. ( BEEAIS ol Fileditens P s Sbre GGG & L GPTeth Whyent f on)
and nmay be fabh aaanie;jamraeemtfoldmmtmgthenmm:c treatieertt oftes patidds sugpenstans pensi on

t her eof thr t nd havi ng
ol grent aPi oftin s paoply BRI A il croBiig ke Rerfl o RATROYTE, 12V 7
such netall W@hm bpgﬁ@ﬁtoéthﬁmﬁﬂl?ééﬂflmtﬂqs'wF%f inggngitye Preferpbiyt saikmpted¢ cal red

form ?r l ? b@l?erﬂlbbﬁélﬁér%gmahér?ﬁéé arfaWcBﬂporE@ﬁh’nt@ﬂhétMaﬁ‘éﬂlbladt aRBRRAIBA 0}‘ t he
magneti c reat nen |1 C S 1,0 uc S revi ously
P r s f B BBt o5 lodbOu Al e 3 FREES R Dis seperi S PaBofe 0\ i
the scope olnventien, mesigniicent icreasedn eelgir irdensit does nptrequirsistigh a Rubeteastishbl y, sai d
met al |'i ¢y Ph&HBHYr mialit bﬂcﬁ’e% Phe :@&ﬁb@ﬁﬁ%&%@éthérnﬁdugtﬂa%ﬂieétfah@¢r o the

material at a concentration from about about 3% Db t of said
materi al . | PragtisplPoibef yiey. ibiEyeranRficiepithat ﬁ@d S‘I‘tﬁ%ﬁ'ﬂ P‘HFP" ‘%até‘?a@h? % cant

i ncrease i nbp@éugmbﬂhmaﬁm pigmefDRmicS Invelag i the maglic Reatrhidrgt ant i al 20 portion
O TP C PRkbE! Sanbs BF. AEAHE nbna 6 (5 SLBRP LrbAHSH (o The

appl i cations rom a ractical point o _ ficient

that said sysstieminélude splisimatesialsisychaas uu@@{gtmagg%s eg concrete thermop!astlc

25 and thermosetting polymers and copolymers of all types, powder paints, rubbers,

-elastomers, bitumens and the like; liquid materials and gels. As a resuli, the invention
also provides a material, such as a concrete, including metallic pigment particles with

increased colour intensity, being obtainable by a method such as above defined.
In a third embodiment, the invention also provides an industrial process involving the
30 use of metallic compound paﬁicles or agglomerates, comprising a step of reducing by at
least 25%, preferably at least 50%, more preferably at least 80%, the average size of a
substantial portion of said metallic compound particleé or agglomerates, wherein said
step includes a method as described with respect to the first embodiment of the
invention. Such an industrial process may further comprise one or more post-processing

-35  steps performed following the size reducing step. |
~ Said post-processing step may be a heating step. For instance, when the metallic h
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by wei ght of the netallic pignent particles involved in 2héuguwstdi®bi c
treatnment. Suitable exanples of materials concerned by the second

enbodi ment of the invention include solid materials such as buil ding
materials, e.g. concrete, thernoplastic 25 and thernosetting polynmers and
copolynmers of all types, powder paints, rubbers, elastonmers, bitunens and
the i ke;whogured? materials and gels. As a result, treT/BpsomBs on al so
provides a material, such as a concrete, including netallic pignment

particles \Abdnh'pouﬂld'@éﬂ%‘ﬁa@ﬁiydfdﬂd@%ldl Héﬁtﬁ‘l@%teb)‘nay e lcHEuQld & Aabkfseie @ et hod
such as aboye on al.so provides

an i ndustri Eéfnpgrla%laeeoggwe pﬁ@/ﬂ?s\ﬂr ﬁ%g[?rﬂeégb%‘ff{htfg%’c%q S'WEF’F'%@%%B?RYSW% particles
or aggl oner saiemetaldydpxidesintadheacosesppndin matal oxden in dipthat exanplaskid28%h  pref er abl y
at | east SOpcd¥BhGsBY ﬁgﬁséglaw.n?tstépea%bﬁmguy raﬁomgqn@mﬁd il vifenGhe 2

subst anti al portlon sai I'i c conpound rt|c es or glonerates
wher ei n Sai Betad¢ gpmRoeq S Qr ARdI9RRP! %%a’BéEiPFP d’”W‘Qtﬁe F'é%ﬁ@l% NG o the first
enbodi ment  stép.tSaeh driny ste, inbich caBLishpesformeddy siby krdhwn Piryrgaecnigess, ey t her
COMprise ong, Rloufly r gfaah.ngkﬁgﬁrﬁa;fag gar’?féess{oegiu&%%m e OM{ | o4 ng the size

reduci ng step. ocessi n For
i'nst ance, \m@ﬁ“lahEm?Péﬁ a'?qfa ® thqé'z'zsedAat@ag%revm% pemﬁ%bmﬂ%@ggmt@r/ BEO3/ 00033

conpound i Stréatriet aﬂtmhwhmw dﬁhdp%ﬂlblds WA BE TSduiRcePah, BG. fRanghsat2d so as to
raise tt}g .8 %?4&}’% WYR Iggaartlcles or agglonerates with reduced size

sufficiently T “conve id et al hydroxi de into the correspondi ng

met al- oxi de. |nrengthenvadant efxfamtblrdaem@dlmnmQIE-Ianmtn)o.dbsmmgprsmeeﬁnng be a drying

step for suﬂna;@emg@a éfxfmf.ﬁd@womom,ubm&au&t.mhog&h&rhﬁm%ereéﬁ@&awC compound
u

particles or ag nerates are suspended durin sizer clng step.
- Such dryi ngdréf %’cﬁﬂréw‘ﬁ%ﬁatﬁe‘m e q%?‘fﬁé@ A %%/"C%WJ“&‘FFS‘/P?@dF'&hm ques,
may be r egmay lethnfetettrips candaitivegpothidere Mixingailidhadnd pasdjuvatt@saddiiveamapss equent st ep

5o S Sk B Al T S R
wi th high orgg fanothst esmple, e adivent eirsidiiveomay be 2 GO AItEDIRYOT D g, may be

achi eved. |¢br@ﬁ@bﬂ&ﬁératmeraé}Hlng)fo ybhﬁloﬂ’lbﬂ dxEm@EIRd R A opéddtnb@mhﬁweent ion, the
pOSt pl’ ocessj one or nore a Juvants or

e 1 Puoce e blihelbath Ryl o ibn el s S pedlep TR RE) o) e ot s
with reduced M yat anpiper vamttta@fc@e thirce emd?dmenhtof dhe édfelition,vtse metglibe an

el ectri gal &ﬂﬁgﬁlﬁ% %%e%\ﬁﬁ‘d%&or M%ém?&um?ﬁs% y a@% ésggﬁféﬁﬂdggorﬁgﬁaﬁdhg%et g'ay

be 15 perfor 8% [LPP 9 or o
the skill ed“'gg"'cs ostt Nf‘?; cﬂ“ﬁa QWWW%W'C@?W@W?%@S 2D G9RRY or additive
may be a pdizenrey. ua tmethbe sldhras diselosevein LS. efatana Nb.08) 10836,athel ragltiigo yet

anot her exailg vehfth ALY RLLATS LA Fod By BihiedioO! YITEr i Sabl e al kene

mat ri X nononer sul en al es
~ In yet another variant of the third embodlment of the invention, the post-processing

25 step may be a step of diluting the suspension of metallic compound particles or
agglomerates with reduced size through the addition of a fluid into said suspension. For
instance, the fluid used in said diluting step may be miscible with (g.g. the same as) the
fluid present in the size reduction step. ‘

For quality control purpose, the industrial process of the third embodiment of the

30 invention may further compriée one or more steps of controling the size of rﬁetallic
compound particles or agglomerates produced during or after the magnetic treatment
method, i.e. the method constituting the first embodiment of the invention. In view of the
order of magnitude of the particle sizes involved, said size controlling step is preferably
performed by dynamic iight scattering analysis. When said industrial process comprises

35 a postprocessing step performed following the size reduction step, it may further
comprise one or more steps of conirolling the size of metallic compound particles'or h
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In yet another variant of the third enbodi nent of the in2eAtdustZ00¢ he -
nmetallic 20 conpound is a sem conductor and said post-processing step is a
step of formng a netallic deposit onto the netallic conpound particles or
aggl onerates with reduced size, e.g. by a nethod such as disclosed in U.S.
Pat ent No. 6,410,935, the resulting product being an article of

manuf act uweof/geesnanol i t hography applications. |In yetrcampishess vari ant of the
third enbodi nrent of the invention, the post-processing 25 step may be a

step of dil ugglmratt&eprmaﬁmh@er fer BB Absthp fbc%ﬂ?%&éﬂdmﬂﬁf&'tﬁéﬁ&:@r
aggl oner at es_w hrog&h t he ad into said

suspensi on. S'?—eo?o"p?uﬁ‘gtsﬁﬁéger St”ﬁé’oﬁp[ﬂc 14 &8P MRY 88 P °HF?‘{HV| dygamue M ey be
m sci bl e wi tdati¢rmg gnalydive Thaiee asifrolfifgesterf inay be pertaseed inisuclt Aevagiagdo r educt i on
step. For QH%éuFeythQQ\BHrég%lsrzgléﬁagrstﬁe s&@@sth b thé ar@élé%cﬁétﬁlcéﬁfdlﬁﬁbe third

enbodi nent of irnvention may further conp FI se one or nore steps of
control | |5ngthFH@'°§'f’ %‘%psﬁsﬁﬁ%‘t‘%si"‘?'d’méﬁﬁmound partl cl es or aggl oner at es
produced duri Inﬁyeo?noa‘fet' %nahtfwméﬂigmein}bﬁdlﬁémaffﬁ@ﬂiventiaiﬁtt:ﬁ@ﬁbs_t pro@as?lﬁd"lﬁ met hgd
constitutin irs iment of the invention n view of the order
of magni tudgteé)?g‘f%easo 'C%”P? Psi zes i nvol ved, said size controlling step is
preferably péprfqyplme@nw perpergnthe indusiyfel proceas acseiding taathethird prsbodiiesh sai d

i ndustri al Wtﬁ&!ﬁﬁém&pﬂﬁwmﬁt%’i cé’;ﬁpraedo&ﬁtmmom&psldﬂeorﬁmﬁg e fkdgrd fol | ow ng
t he size reﬁjluctl on.s steps of

cont r o | 1ing e EoSER of el oM P GEIER ST RVER 1 78 PoBesRu gLt 2006
WO 03/ 0726591@@7@&%@1@@@ stegghayner atilelly peduimed dy dusanngf eny e er sai d

post - procest%}brw“eqé,%pa“ag"@to\/msgg(,,@g%qhesg,h size controlling step after said
post - processi ng ste erformed by dynamic light scattering

anal ysi s. Thels? %”@81’[‘?%@7‘?’1‘ e avenongso B@"'S‘é“r? forevayglingdreray as to
measur e t hepsrfosfiadge of iaz magnetlé Areatirieat Soramwisity Fowing Ud ifIDid Kdving heetali ti cl es

br 0duced o duL g 3 ohidEs YALLRNSBLERSeRloaRRlh WASHSLIL Blnchl RERE 11 Vet

anot her varl i on,
post - pr oces%ﬁ’qﬁgcor@t'%?ﬂ*h%ﬁe%é‘fa soni cation step. For qual ity control

pur IOOtSe thg i Pdufcﬁdittoﬁhg HeOSI£S &f é?é“l@ﬁfe&lha&oﬁwﬁbuhbl%ahh]gé @r %tg@&ﬁrmt t hOf t he

i nvention may fur S, one or s of controlling the

turbidity of 16”stpﬁ'é‘{eg n@rﬁig’ﬁgﬁoﬁfsa‘wgmfg ai’B‘“rfgound particles or

aggl oner at e@) i nvolfieeidg ione granate pmes:sm¢ fluid havingtroetidicdéompogrdrdartioles ong st ep may

be suitaply per ilable to
ap faBélﬁFé#atQé’suQFeﬂaéi tﬁ relﬁ[hﬁougﬁégﬁd e e or Fn?uret %’n&ﬁtﬂ@ﬁs AN

t hose skilled in ourt invention al so
provi des a (iRt hod cpajioliag deysize Pfgsaé%é‘e‘aw’ércf"ﬁ?%ﬁd’émé'ﬁs &" RegPTearates t r eat nent
conpri sing fl owsitgemiet Inbald fitia witergaidBiaghetic eatrdent.conpound particles or

aggl orrer at el-sor%ﬁ’s?at?\gtyﬂl%dsiéeh(?o';'nﬁ‘éllmgtsrt]é’pobﬂ%dfap %eoézen%nﬁollmigstep bn‘i of this
method may be performed in such a way as to measure the average size and/or the size
25 distribution of particles involved in this magnetic treatment.

In a fifth embodiment, the inventibn also provides a method for evaluating the
performance of a magnetic treatment comprising flowing a suspension of metallic
compound particles or agglomerates in a fluid through one or more magnetic fields,
comprising the steps of: ' '

30 (i) controlling the turbidity of said suspension of metallic compound partiéles or
- agglomerates before said magnetic treatment,
(i) flowing one or more times sald suspension of metallic compound particles or
agglomerates in a fiuid through said one or more magnetic fields, and
iii) controlling the turbidity of said suspension of metallic compound particles or
35 agglomerates after said magnetic treatment. '

For instance the turbidity controlling step (i) and!of the turbidity controlling step (ii_i)‘ of
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fields, conprising the steps of. (i) controlling the siz& é6gusb?®6netallic
conpound particles or agglonerates suspended in said fluid before said
magnetic treatnment, (ii) flowng one or nore tinmes said fluid having

metal lic conpound particles or 20 aggl onerates suspended therein through
said one or nore magnetic fields, and (iii) controlling the size of said
metal | i c wonpamesel particles or agglonerates suspendeaseesosssd fluid after
said magnetic treatnment. For instance the size controlling step (i) and/or

the size comgmbthwaaﬂe%rfsﬂmeuby eéteﬁnmné tn@ﬁbmﬁbnrmwghb% gpﬁfrér&r fgRe i n such a

way as to neas aver a e an distribution of
particles i ﬁmlhf’g&y Fd ?%P"é‘s?g'?ﬁﬁ%?f@sf“ft g %H‘fam I n a f| fth enbodi nent, the
i nvention al so previndetonaalseteutd tb opwathsiat cergint fetalip esrippurieae of a

Tagnet | ot AL ALGONTH,kokad, L0U S8 SUSDENSHPh AlediB LBkl g COMPOUN

particles or agglonerat &5 in gnetlcflelds
conpri si g PHEEeR Aoyt Hpm aad apqul 4% B¢ RrefpTaPlK Getvgen akpub? amtapd gpout 29 d
suspensi on @f, Meteabdiiazn COBR B afBsbouCl 2 amPEnd/RGgh @NRral @sribekrse said

Toraili ¢ constah e d bR R Al IPABuL ) IR M aBETR2 00 O e o
mor e nmagnet tecaliaut B dsmowgnrieleiaply )‘romoabwtdl $ it gbauh &.0), el vty respeddd d

sus pe?SI 0 {1 Qfe%aﬂ’@k&héduﬁdsc\ﬂfﬂh%(?&jne@é\'rﬁeb@ k&g tcgnset p@@c@tﬂﬂ'sﬁfﬁnﬁl pariaét e ; sald ;1
magneti C reat ne r a el contro In I an or
T ha e L b1Cai Seese i sie peyroet R, 978, nptbubirt Syt BTG e P! b72650
PCTBEO3/ 000 8putatiors rmeytbia galatwel yrorh éhe pentiélex obiaihablp fdettier magnetcgrettmentaf opor t i on of
light, e.g. merartv@aroﬁ%ykaé.w%m aﬁm%%gnéa.x tr@é\hlgntsé‘:?é}ﬁ%bno ftfg%aﬁst ransmitted

| i ght beam The invention al'so rel pul ations o rtain netallic
conpound, e®flechtiges| wallckngwp de dheo Arth §45# 03§ éﬂé@ceng ¥Hoptions URBHAON S5 cr i bed,
with an avena@ﬁtrmmwmtheasﬂomennéabhertemmabout 1 nm and about 40 nm

pref er ab]sy bet V\fﬁ‘u@ ?e*%QthvémBH‘sﬁdJE a 9}‘6 dw%agg?a\%g?‘%t%%}%gs ﬁ&btg ts nm and

about nm an PSR RArT Ow par
pol ydi sper s prioy afty Iist lab@weqswst@rdlalami’@uedwtm of peeities arsl %@gfbmermegbbmt 1 2 to

about 3.0, HEHe%qub@rf & Addbibe éoh@mna@%wdad el %eaaaﬁwtex@mpa reBGRRanty W t h

respect to . netal n_able to be produced in
Cooh omal © [gHP fot el SR S heteon BEy T o e RV & o £ bt on
Such net al | inexpessiypoeatily paildblechagnetio dpiidea bi @y sypeawhidhanayde cabiénedfiram t he

particl eg Oh&n%epehb&s fer%Hé Iuhiﬁg fﬁ@%@ﬂit o?s&ef .%ﬂ&:%ﬁ'%haﬂ& tar&eﬂa@ “rrmﬂ? ”ehé on by
performng, after said magne t reat nent epar at |
methods of the inventioh, and the nano-size matenals resultlng therefrom may be used

- in a huge number of different fields or included in a huge number of articles of
manufacture such as rechargeable batteries, fuel cells, chemical catalysts, magnetic
recording media, optoelectronic materials (e.g. X-ray photoresists),  composite

25 materials, ceramics, semiconductors, toner compositions, cleaning devices for exhaust

- gases, elc. |

The instant invention also relates to use in the medical and dental fields, as in

bone cements and dental restoratives, because of the high strength, hardness,

substantially zero shrinkage, excelleni adhesiveness and transparency or translucency

30 of the composites, they can be used in other applications such as adhesives for woods,

metals, and the like, or for forming resistant optical coatings and plaques. In this field,

the present invention may be carried out using any mefal capable of forming amphoteric

metal oxides to form the metal oxide nanoparticles, such as tantalum, niobium, indium,

tin and the like. Tantalum is particularly desired for dental and medical uses since it will

35 provide X-ray opaque materials necessary for subsequent review of the treated site; i.e.,
tooth or bone. ' |
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of techniques well known in the art, such as ultracentri 284uaysbf06
ultrafiltration or nanofiltration with the aid of perneabl e nenbranes. 15
The present invention shows a nunber of advantages over the nmethods of the
prior art. First it achieves substantial size reduction of particles and
aggl onerates of a huge nunber of netallic conpounds, provided that the

| att er exwolird72@s predom nantly ionic, not coval ent PcivBE@&®IRs . Secondl vy,
this size reduction is achieved by nmeans of inexpensive readily avail able

magnetic devi ceSrh@f.n@n%n ¥BEs oM nethodMBY seficor il Qs%%tédnnaal%gpdmaﬁ)er of ways
for fine tuni nt of  size éntlontha Is targeted. Thirdly, the

redu
met hods of ?VFQ%F'ﬁ@e‘?{t 'f‘?fwfadélf?dfof HBQYIRgra)y, aPefigaiens; 5?%“'?@’5 Whe'e Be t her ef r om
may be usedforation chwgel pagatoeof bifh disblbton dntmpbitat, dectoas inrtié eldednicn a huge
number of af; he.ﬁ%eaorefpartmw 6! HfeRich #elteR o 2 eﬁ&ﬁw{%@%ﬁ.npaé glafi€s. fuel

cells, chemcal "catalysts, ‘hmgnetic recor ectronic
mat efi al § ( BERgsit iR ar%{sc'ﬁswttw €8 ia§€'§¥’°“d€@}9r’p§}§3htaé t'@B‘”M%‘F’T’ dysise gkd ani cs,
sem conduct @dirface nodifdr dé@ﬁl%!isdar{ 1he 38miceHdeast H@fe%\ﬂ thesefRbndeutbe s  gases,

etc. The instant |nvent e Wy nd dent al
fields, as I'ioPHiHE % ﬁ% {ﬂg ﬁﬁerdsené? e%rt‘g t\‘/gi’c"eﬂ' eu"gsietrg;'?1 t he high

st rengt h, hasngelessavengingidrsichelatingeffgct. zT@ﬁ@e@(h fsi emkfwgen the farlof ions whidhesi veness
and transpagnftsegiently ﬂa’ﬂﬁ&ech?%CM'to%QatQ ictdifonC PRRPSDIVL B2 mdthl 9y c&p8r, be used in
ot her ap I|c tlons such as adhesives for woods, netals, and the |ike, or
for for (5 PPt optical coatings and plaques. In thls field, the
present i nvent i dihe foitywilgeexemples &d provited fer ilvgtraiing thapitireiples apdnkteodsfof f or m ng
anphoteric fu@r such as
tant al um n}hggﬁvghrﬂomsmg&%ma Fot b?ncmlas&lg@d i@hﬂlnﬂw %g%{gqﬁér)nﬁféghﬁa'ﬁ? |ncul arly
desired forW#ntal and nedical uses since it will 35 provide X-ray opaque
mat eri al s NEERAMBIE V- hayhetRURSER NN cdnesrtatyd oficiteRespbhgat ed site; 1.e., tooth
or bone. 17 25 ntion

rel ates Yo a ‘Mgggeﬁ*c tégt&%ntcéﬁdgﬁcggéggga@g gﬁg{%{&{?%g’ em;ét !(r)]ﬁxgand article
of manuf act sV pYSieEN BhaWR HB JephlA. SPPPTsEEL @ dvbing (é@fi'ééq)aqomemﬂve t he

flor rrftt i on 0£vami(ljeaf+otrrp@6lé -Rrier |ﬁ§truh1b&itorr@§@l v%rﬂ&mmssmhamrs APL}fmd{ar&h@P as | ntL hg

el ectronics ndus ul ar, e in ion relates to a nmetho

for form ngt ?ad 'I(A%'/%erggdﬁ'ﬁg ”[b i'n 3 "ﬁ?@@l@@"ﬁ &Fé’i e MNECe e onduct or

such as ti t eomirosrially axalldige froy QFPECOf(AatwerpuBdigioe) undeli the &adedwmsi Wed on the

sen condyict forl size, and
Id%d §AN Rﬁ)ft&B edrn& 3Mdm§ Q%&%ﬁlﬁ‘é}?%ﬁb@ﬁﬁf@ 81‘5&3%{ pu ! he X n¥el’cﬁ4

the nodifier i s select ectro ic sense)
scavengi ng é‘fﬂ!amﬂ‘f&"h@‘?'%ﬁﬂr@ﬁ‘f'B%Wmeﬂf@“’ﬂ?@iyéi”d?féhedﬁﬂﬁ‘ paree Vasterbex Po? m of i ons

whi clh ar e RYEs@QEEGirkosiving tHeGasheldiortto Pl péMiadrl Nebse| @Ffof RBeivitgtad er abl y, the
net a

s COI%anetlcally freated suspension. The tubing (1b,1c¢) was attached to the pump (4) in
such a way that the magnet (2) was in a downstream direction.

25 21 g of CaCO; (precipitated calcite, available from Merck, with an average
particle size above 5 pm) was suspended in 6 L de-ionised water (thus resulting in a
concentration of 3.5 gfL) at 21°C. Calcite particles were kept in suspenéion in the
reservoir {5) by agitating with a mechanical stirrer with propeller (not shown on the
figure) so that mixing can be continued during magnetic treatment. First, about 2 L of the

30  suspension were flowed through the magnet (2) and, after being received in the vessel
(6), 'poured back into the reservoir (5). Subsequently,_ 3.5 L of the suspension were
flowed again through the magnet (2), i.e. the suspension was flowed two times through
the magnetic device at a linear flow rate of 5.9 mfs and with a residence time of the
suspension through the rhagnetic field of 500 s, Finally, a2l magnetically treated

35 sample was collected, visually still showing a substantial sedimentation of particles and _
a higher turbidity than the untreated suspension. After overnight storing and settiing of
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la silver, or gold. The follow ng exanpl es are provided Z8Augyst 296 ati ng
the principles and nethods of the invention but should not be construed as
limting the scope of the invention in any way. EXAMPLE 1 - magnetic
treatment of a concentrated cal cite suspension 15 Magnetic treatnent of a
concentrated cal cite suspension was effected in the reservoir system shown
I n figurewoARGHPrising a tubing (la,lb,1c) comeracaiBEgo@yai | abl e from
Col e- Parmer | nstrunent Conpany (Vernon Hills, Illinois, U 'S A under the

trade narre N‘&Sér@és’i bmleEy.getwnlnSL% rﬁ&suraﬂﬂemm@é aa’fonn&gtssﬁhea(@bf ﬂ%-h@g Al E N - Co
naer e

type, vai | abl e ,

Y hGe nane. Ay N PR AR, P JE6, T g Re A L A AP TORbBEY 10, 000
gauss; a pur&@el’(nﬁJ)Y) ddifhmsdisadré yepodadain | fightee? ShrowingGbé elisPiautive rof Ireldive unent
Conpany und@faséel@r ﬂaﬁﬁ@? |ﬂﬁ@ﬁné\@fﬁn¢5 ﬁrh inb/tl%de%ct:d'neﬁﬁﬁ oV @Rk parlickd snfepr receiving

the suspension to ed; 6&’) or receivi rbg
magnet i cal | ¥5§% &ap é’H‘ @d%é‘f?g?’l‘}l‘?“ a‘i‘?‘l’e"‘ia[ﬁ'l?f‘h 589 o P Glefd2hn ?ﬁfﬂéﬂ to the
punp (4) i ntregmed (@fewey td dsaCatdicsuspegsiat). Riglye Aabowsnthat tetosupsinatetrof di r ect i on.

25 21 9 of SRCieh BEAE! Bid:BlRY &%Lﬁﬁsmc;@svmh GsCoduh L LA 1 W LA an

average particle size a S suspen e-1onl sed wat er
(t hus resul ¥igly donoh seidly Apeeqt sravﬂtv otfhesgas 3heg E’Q?EID)“»e & 2PES S@&F'c‘r‘ttée particl es

wer e kept i RarrRRe nmg@m this s%i‘hﬁ!e ifdR595 Wi én é%asbﬁaﬁegltﬁea&dnmtrmh lof &

mechani cg| irre propel | on t u t hat m xi ng
can be cgont ?"E\cﬂ%’ds'zc?uP?&'des WEh ML afée Efianstﬁ?qmr—qap%me %eu? r‘ﬁ% iﬁ the 30
suspénsi on W@afamowétie uhireaied susieasionadih oot ¢oRlaingpatticlesfie dhe ibisiomgler ecei ved i n
the vessel 4§ butrtehabﬁéédbﬁgéfsbn&d)pémsrafﬁa%rv%é p(a.%ues {ﬁt&h&ﬁ%ﬁi@{ew, 3.5 L of
t he suspenS| on were | owed agai n through the magnet (2), i t he

suspensi on &8¢ flowed two tines through the nmagnetic devi ce at a |linear

fl ow rate oEXSMPLER smanmetiotiebimeat of @ salcl@msdphibiersespehsibhe suspensi on t hr ough

Lhe magngliCy S q‘cté%em%if %ﬂa% Snafb SsdendBOREL LEBLY s LigRIPd 35 sampl e

was col |l ect ed at i on of

particl es alg resgvay Qﬁéﬁm SRR R figuge !‘héﬁ 4? 9eCaFRn Lldit @uallghle rffefﬁé\ﬂemf) After

over ni ght stag Ullagers?%ﬂd)yslﬂ'&ﬁé llrﬂg LOde-iorkstd At WSrbssHAR OO r&aiRY A6H9

T e 000 tens S ESRE ) O g SRR o1
my comer cﬂweld)ﬁﬂ@ﬁaliougibﬂhe semeRAgRELas i @@mwt a ey floggatetot 5.amés r eported in

figure 2)shgyd g atrbéi‘déﬂbéﬁrﬁé &lfﬂé s@ébeﬁ&orft%@g%h't?(@magﬂﬁﬁéﬁ%ﬁ RosPR dekcrd €S 1N the
rangefrom5 nmg%@ tectlo rticle sizer 5 used) to

5 pmin the'0% SQ’F‘P'E? iprEed i ahbert1/d pRY 9%1{2(5“ HgurecBbpving Pthng pef or e
treat nent ( vabfesrof @F0tand aS69CadSHRtigals [T Hoomiater, Rhg waraplidg phowdird vag t he
super nat ant

_reBéated (samples referred to as Cepi-2/1 and Cepi-2/2 in figure 4) having pH values of
7.75 and 7.76, respectively. After performing DLS analysis as in example 1, the
25  distribution of relative masses of particles in the range from 5 nm to 5 pm of these
samples were reported in figure 3 (together with the untreated starling solution) and
figure 4. The untreated starting suspension contains particles of about 5 pm and
particles of about 1 ym. The formation of particles below about 10 nm and the reduction
of the proportion of micron size particles are quite apparent in all magneticatly treated
30 samples.

EXAMPLE 3 — turbidity measurements after magnetic treatment of a calcite slurry

Magnetic treatment of a concentrated calcite suspension was effected in the

closed system shown in figure 1B, comprising a % inch tubing (1); an external magnet

(2) of the Nd/Fe/B type, available from CEPI-CO (Antwerp, ‘B'elgium) and providing a
35 strength of about 10,000 gauss; a pump (4) commercially available from Cole-Parmer _
Instrument Company under the trade name Masterflex I/P and disposed inside a
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the settled treated suspension contains particles with sPz849ust Z0fi put ed
around 1 pm which do not settle under gravity, whereas the absence of a
DLS signal in the nanoneter range in this sanple indicates that on a nass
basis, the concentration of 10 micron size particles was nmuch |arger than
that of nanoneter size particles. The supernatant of the untreated
suspensi owodiafzaiwt contain particles in the m cronetrel/BEBANGE but conprised
|.arger settled particles and very fine particles in the nanoneter range.

EXAMPLE 2 - ré”éB@&BED Qith b&@%m& DL 1@ récivink URa &ubmaherr@%w?mas 15 Magnetic

treatnent of_a.c ollows in the
reservoir s?@qgﬁqa

m s hat e, suspens was effected
U 4 g 2 RS Hat e Pcpadal e o dausiTEl e from
Merck) wasdidcigper sed by mixing in 7 L de-ionised water in a reservoir

(thus resul ting d § ofoa GO MeRMbIeAIPReRE, Redbd piiaddts eédu{ewhmgwas pH val ue of

7.57. 1.5 L of the, sUspension was once sane_magnet as
in exanpl®e I‘"&"l’“céd I“f%%’a'ﬂ'“q figiled weter d ‘F“SSfeW"W dn accoaerd r%“"'ﬁ ®f & Yledd dence tine
of the suspetséms shi‘npleL(gal‘brérhai BRgRH inCligureeb)dwas calbdleddmntegibRlye Thd aki ng two

200 nmL sanpl, (L /2 11 f| r havi ng pH
val ues of 7. %‘gte Sug)esg ‘%bgast feh\s‘é‘yf?é:'(gzl?I & Edlgea%ﬂ%eﬁqﬁmq]ﬁ ‘ﬁe mag gﬂsfgrrrp I ng
procedur e waaurs ﬁbﬁ)é‘@ﬁaé(ﬂﬂ‘(f §%t¢r19f 88 w/af Ener tudpidity c@ayge@bihezsuapeaﬂm @pi-2/2 in
figure 4) ha]\éa@ugedm;d Yeahs! 6r5th® Hevicé -sHEwraiR dgife 16, wheRSPEE tnfrxrd Mght eéatner

f S | at
msses. oft plY 7 SPESTEl Y AEP P58 S Rbbouren 2 5 Srbeueh PRevBe il o wor e
report ed i nlaftércheing hgld(in 6@ et bless heitled (16h dosedtby cadapdt Btima hola@lBof art i on) and

figure 4. TE\Eme&Htﬁ’&R%) %@&r&ﬁéﬂﬂtaﬁ%&tﬁ%ﬂéﬁ%&%‘aﬁlﬁ@&bpﬂé %iﬁb@éf £f about 5
pmand  particles o ticles bel ow about 10

nm and t he PRRriods Bﬁe"t%““l?ﬂ?fl‘g'l‘eé%l”?’ fegt “??fh'%ebtf‘%wrbéq'tie particles are quite
apparent in all Thegredily obthe ;efdmneatambleﬁﬂ of theplagseticHy(AbdRidsathple ataur bi di ty

measur er’rlgnt nzjate%rm Dt rfy *|' ﬁ‘?ég% {Hﬁﬁs fe Qs I@sscf’i‘ll'b?dmgrﬁtlaﬂ/#ﬁ’é%%/ of th I c

treat nent conce rat e uspensi on In the closed
system shomﬁpmmfeﬂltgdrféV)lmQ‘Cat% rfh?F thsqugceatra)@n at bt Eﬂi’ﬁﬂ’@g (Pi')“desawasext er nal

magnet ((21) srRdllet. TRe Nﬁilcﬁqfamcne )éﬁé? fot;@mtainingfe&&emgqmaﬁ?laeGﬁa? dtAndgoeinp, Bel gi iJlrr)
an provi ain ou uss ormerC| a Yy
v Dant et paveftesih e it ieflyofeR it At HPS B Fookot i et e

Mast er f | ex pdriRicsivas gideproigmeizd ireovcRd ran. Tre t@stemgnw@ al2QgewedNDIB@E072659
PCTBEO3/£0033 fn%ﬁégé%én (@ reY&rénBe G\n&&@ﬁgc 'lt'reyprg%?ngb b feQ¢ f geec arididdg the

suspension. The tubing (1 unp (I such a way that
‘the magnet {¥gwedRx ajspwgr ﬂemtt?%qﬁth%fqaémltggpnvalue (m the blari experlment

the final voltage was reached after 20 minutes instead of 30 minutes in the treated
sample), indicafing the presence of another fraction of particles that settle under
gravitational force but which are smaller than in the reference. This shows that magnetic
25 treatment converted the initial calcite into three populations of widely different size
fractions: '
- apopulation of particles with sizes below 80 nm not giving rise to turbidity,
- a population of particles of about 1 um slowly settling under the gravitationa!
“force, and
30 - @ population of particles larger than 10 ym.
The above experiment was continued by repacing the Nd-Fe-B external magnet WIth a
combination of the latter and the internal magnet of example 1 arranged in series. The
slurry was sampled after 6 hours of magnetic treatment for turbidity investigation, as
shown in figure 5. Initially fhe sample is much less turbid (voita'gé of 3 mV compared to 1
35 mV with the blank sample), thus showing the transformation of a significant fraction of
calcite into nanometer size particles. The evolution toward the final voltage occurred
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9 g of calcite (available from Merck, average particle skZéuaist2io610 pm
was 5 introduced into running distilled water, thus resulting in a
concentration of 3 g/L. A reference sanple (referenced as blank in figure
5) was collected imediately. The calcite suspension was then circul ated
(1,380 tines) through the magnet (2) for 23 hours at a linear flow rate of
0.8 ms. Wwhessmessdi dity change of the suspensi on was pcrmagvw®ssl by neans of
the device shown in figure 15 wherein an infrared |ight beam 10 with a

wavel engt h Qit)wgl&Qad"mtﬁ fh@rﬂaﬁk sérﬁﬁ]& s‘ﬁ@Mﬁ%%a( %é'hcléssin Sﬂ%nﬁ'ucmﬁr@h&mér@e sanpl e,
the latter bein closed by a cap (11) in

a hole (13) sigp ‘Cé‘gtyrﬁquﬁ?ﬁ’ﬁﬁ'fﬁﬁtﬁp%'g'ﬂgrfeﬂ%eatm% t ransm tted light intensity
was quant i f EX4MBAVE 4 hterbidiy iheagarembnts aftep hatretlc Debénghediaatibite diikd) : t he | ower the
vol tage, the hi %%ﬁ'cufap@n &y legéd'\%%n oT@eg I:alltritQ (%)gﬁa\éleq’f'or& nﬁrcﬁ)eii]eie&ce sanpl e

and of the magnetica treate re 5. The
treated Fanjanigedyate] @?}!§ resyiting & 3 ic?ﬂof’ﬁ‘tQF"'-”\/@‘I:’t ghbwet efie°§d v/ thec‘éﬁ?ﬁ%lr ed to 1
nV), i ndi cakystgn Ehvav ik fﬂ@;r@oecménstahataﬁe efterhal Ghgn@tORdst lepiadt@ WIlrthé Cl es was

smal l er. The cr| |ca artic |zefor bt ai tte is about 80 nm
at a 880 nm"AYE %‘ﬁlc{f Xamf'l?1 earﬂo"ﬁra}e%éPuqlvgh t"gaé] t% '8?25[) 2s that a
substantial f racTﬁlﬁowSEﬁﬂSiomévaéaifll@Wﬂé to reftie ‘Gﬂlllesthwdqrbrdémmelmes rwes¢ ze bel ow 80
nm The tre%%r@amﬂfln@analosmesjbm@e@hana.uam@gcneéa ih igiPe H5) el dife@he t han the

reference, Ilomed by a
sl over elol ki'??q PB’&@%"&E“&J‘R‘%F?'P Hi‘? 4@&‘?“{%\%@5 8‘&{?? H‘e?tﬁ@”ﬁpa'ﬁ{? @xperi ment,
t he final vtdwingtbe suwpensiem 6h tideschtoagh B magney thededch s¢-dmdiatih iBOlves mut es in t he

treated  sapgo % off (6 heIS.PERRAEUN nARBLREC d6)26E LGl parti cl es

that settle un aV| at1onal Torce but er than in the
reference. fi#as 9"1‘!9 Particies inthRyvidrepted suspension (ki selisiaatast. ngnepling ni t i al
calcite int ﬂkédﬁr@cﬁnammtb hb.OThe |rﬁffaf whisitetl, edtédsb® (. e Mhitif ivéiage firicR@tddpns: a

popul ati Qn ow, 80 .nm, not Jse.do
tur bi di £, ool bEk (rele 75 3 Fo B e HeyoR: O 2 Vot S5t g undter
the gravi taﬁﬁd’rﬁler‘i&bm@élncmahhg}!}at-a subgtentiel rattiob the siisyeadedi partisles Was ger t han 10

pm The abo%u&&ﬁ?&ée%lﬂ&tﬁé@%te%ﬁﬁlﬂnm#ﬁﬁ% thﬁbldfn?d%?db&ﬂ gblig).Nd- Fe- B ext ernal
magnet with_g  cQ |r11,r<;;1t|ontroft Y fIatée an he int ernal magnet of exanple

1 arranged e Bagnet i c
t r eat nent fQ@_tQILUI‘bI dlty |nvest|gat|on as shown in flgure S. Initially the

sanpl e '2% much lr\%gﬁehr: %Qi‘ngnt(oyaéédi% %de%n@énf:&%?sroﬂ%atsoeﬁ% §d5in e Wi th t he

bl ank sanple), & Frcant: fraction of
cal ci te intgosed suviam ghowaiiny Uit frthaing 3 totatyaluee of 1R0 'B'rﬁ"ﬂcﬁ%ﬁ*ﬂ"@ pled f i nal

vol t age occubihg fia, 1BPcodinefuitgy atail2dk from \0De(FRt b 2658 EHE DoBbER/ @8hss
Hills, lllinois, U.S.A) under the trade name Masterflex Tygon I/P 70; an internal magnet

(2) of the Al-Ni-Co type, commercially available from CEPI-CO (Antwerp, Belgium)

25 under the trade name " W, SAN R1/4D " and providing a sfrength of about 10,000

gauss; a 3-way horizontal ball valve t3) commercially available from Georg Fischer

Rohrleitungssysteme AG {Schaffhausen, Switzerland) under the trade name 343

DN10/15; and a pump (4) commercially available from Cole-Parmer Instrument

Company under the trade name Masterflex |/P. The tubing (1a) was attached to the
30 pump(4)i in such a way that the magnet {2) was in a downstream direction.

" The red iron oxide pigment aqueous dispersion treated in this experiment has a
concentration of dry solids of 60% by weight, a vuscosuty of about 400 mPa.s, a density
of 1.9 g/cm®, a pH of about 8.5, and cbmprises spherical particles with a particle density
of 5 gfem®, and being stabilised by an anionic surfactant. The flow rate applied in this

35 experiment is 4,7 L/minute, which corresponds {o a linear i/e!ocity of 11 mfs and a
residence time of 0.38 s of the suspension through the magnet. Because the volume A
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slower "than with the bl ank sanpl e, -show ng that particl eg5hAngush2dtfii cr on
range were significantly reduced in size during magnetic treatnent.

EXAMPLE 4 - turbidity neasurenents after magnetic treatnent of a calcite
slurry Recirculation of a suspension of 9 g calcite (avail able from Merck)
in 3L de- 5 ionised water (thus resulting in a concentration of 3 g/L) was
ef f ect ed woodirsel osed system shown in figure 113, excsptiotdant the external
magnet was replaced with the internal magnet of exanple 1, the linear flow

rate thr ougheétstﬁumn@&sebedyﬂgn s nrmed Fbﬁ @d§@@ﬂ%yOMe%ﬁF3eitaH§é§§tﬁeF0 settle
e devil ce

V\:hl|ethetl‘bld n ans o

schemat i cal I%Wpa@bjéér/?f@'@ooqgﬁnﬁﬂ%ﬁ?'@" glse 5‘? {Oé'gb%?¥ rent 10 treatment

dur ati ons rangi MYy-Sfanelpsislofttie diPerhion patidesdsciermed with thersera¢ paticle gi28r r esponds to
fl owi ng theaﬂhsagfgaeqnwﬁg el eotéyé)giaiaamefergﬂwrﬁ vis 8, Satfiflesr i C1 ol at i on

|nvolves a residence tinme o he suspensi on rough the magnetic
field), & SHERIOPAimes W@"u}”’éteﬂa'm“'@ﬁ’[a \théfOthm?ﬁSHWe%"tr hhg 'I"'\‘eS RIPIE P&tk d
suspensi on clrteatal ) fors @ibddsiey, filesdf@st sizes e calpt rfelamregmsn‘eed(e:s afsctdadut y nor e

time. The i Q%ptr%)y%{matlki{h? agsio ule \gﬁ% t%%%%g ogthé ﬁ}%h dllnh |I¥(?| tage increased) 15

gradual ly fr I?eatm&*nt time (2.0 V
after 30 hours, Figre?9 KPP@S@R&? thqglswgu;pgpf reiah‘(ﬁ r@@&sies]gf Radiges i eimPgant i al part

of the SUSpﬁ&ﬂGGﬁmﬁ@éEduﬁ(ﬁ%M&aeré’cﬂﬁéH@ﬂGla;il et &SeRIndtof WRaddraag i on limt
of the turbbd i met er. (.abou netic treatr@nt of ared

iron oxie ?%%Fe"&ﬁ%?ﬁ@ﬁgﬁ %Hum”@ 3"°&“Fd‘§%hpe%9fs'?%¢ﬁ%zﬂz%/¥fdﬁ°é'f’? %c®tf eat ment  of

a red iron beatdentpi gnent di spersion was effected in the closed system

shown in figure gfy tﬁ@?é\aﬂ\ga lﬁasrsQ)TfQ%; Idﬁ@réﬂé@b&tveérpﬂ) m\ AR b #h)g of a

tubing (la,lb) comercial avai ['abl e from Col e- Par ner Instrurrent Conpany
(Vernon Hills, SPepy ﬁ‘%ﬂ”%ed éh%sefaﬂm?sst%@f&er%?&@'eﬁé?%wm&wf I¥% Tygon I/P
70; an inter nal and ghgrh) is é[éi)urcerﬁtiytdrdeceﬂlaﬁédn hoor ttegiesnt. conrmer ci al | y avai | abl e

from CERl- 0O (AQLUGH0. nPRIANG e P pHIG8IddIEr LhooBaaBaivell s SR R1/ 4D

and pr OVI d| ng a s about hori1 zont al ball
val ve (3) cormeﬂéﬁ)a‘N*‘g‘/SW'P‘Eﬁsﬁdﬁebw@éfﬁ? Witscher Rohrl ei tungssyst eme AG

EZSL;:haf f haus oA, DEE EhdAA iguo 8ae LBE uidiadecan I Wehice b 0édiorand a_purp
comerc a.| ar ner SLrunen undaer e
) oommer s bl Werfﬁfﬁw'tﬁﬁ.fﬁfgficfé%% St Ees SR ERYe 50 ot )
in such a wemssvalue colnesporalg mish a (r&ige whparticle sizesloihe sveregensizéi is etsizerat The red
[ron oxi o hGTRRk o RRS, HisPOBE Biths SESHES i RehancRSPR IR has o

concentration sol 1 ds of by we I scosity of about 400
nPa.s, a deYayegs 10Qpmis l@e@rncthfsfo"%twrmatw'a%w@e %9"!5"6 fé?‘fEP“c"BWﬁ’PWé% spheri cal
particles wpirlitlesifaibking left odiesTstiet averagd patioy Saetoalcalagbnban agefat pdaklat sed by an

i mut e, W GO LTIkt 4% (R PRRL GG o) shqtlshagcn OBREMIEe Ol oce
time of 0. 3BLScagiputehels sqpypewwmw from rtb@:ghlcmlﬁ@n nﬂg@ﬁétsuciB@em}@@s.tth@ vol ume
25 calcutated average particle sizes are 8.74 pm (untreated sample) and 507 nm (after 1
hour treatment), Le. a 94% particle size reduction after 1 hour (2,820 passes or re-
circulation times). '
EXAMPLE 6 — magnetic freatment of a red iron oxide pigment dispersion in a reservoir

system
30 Magnetic treatment of a red iron oxide pigment dispersion was effected in th_e
reservoir system shown in figure 8, comprising a 2-litre reservoir (5) with a conical
bottom to which the same magnetic device {2) as used in example 6 is connected by the
same tubing {1a) in such a way that the magnet {2) is in a downstream direction. The
tubing (1a,1b) re-circulates the pigment dispersion to the top of the reservoir (5) by
35 means of the same pump (4} as used in example 5. In this experiment approximately
. 250 ml of a pigment dispersion is poured into the reservoir (5) and the same flow rate is -
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'21 25 August 2006 WO 03/ 072659 PCT/BE03/ 00033 treated i BSfHgust €908sed
systemis limted, heat generated by the punp causes the tenperature of

t he pignment dispersion to rise up to about 50 C. DLS analysis of the

di spersion particles is perforned with the sane particle sizer as in
exanple 1, water being used as a standard reference for viscosity. Sanples
are 5 diwobsw¢®0 tines with water i medi ately bef ecesrBasas enent. The
DLS-plots are not corrected for viscosity, therefore sizes are only

rel ative ingisada®h SBsek ut wam%tof tﬁdoaig;sa@.mvmg@gt olas: ARRpakidity Mal ues _
because of the 8 @h di | uti ons a&% ﬂ ‘E % rsﬁ)resents thel??l stribution
of rel ati vePYBRSUUI fpatment iy lggsLonopncef n thigpystem frag i e gisadsyelBB @ 100 pm of
the red iroexampled® pthigreembdidens,gier Biearfiopabieret thersdspehdi@r wasma m/a@ndour
magnet i c trﬁetrég?dahcet@ew{hss&ﬁa@fammeﬁeéaﬁ%gna;raacv%g fés si ze reductions

after treat e relatrve tes (between 10 pm
and aboutf® 100 pry'eisame derh g OXidecRigiBany agyrous H@W@‘P’h?? V‘ee’ﬁ‘ﬁ'% oWa$ ar ge

Eart icles (bﬁtuﬁﬁma&@mmﬂsy'ﬁ% aadndweil;ﬁi'tiﬁlﬁ)srzbﬁls&ib@r&hfWaﬁaélbﬂnyrlieﬂeUlBEfld after 1
hour treat iy - n .. the.r Y ticles below 1 pm
especi al | yrrgﬁ S'séﬁth‘g dzsﬁ%gm'iﬁ%‘mﬁs%%m? ges ,”é‘?‘gr”““ %ﬁ ? 9 I%? 'tE 21" hour

treat ment. PHREOPBLS andwates brivgnused a$ pgtandard r%fﬁrentglfgrovlasrg%tm $ammlesare ul at i ng

parti c: e-si a.faterdemuﬁﬁdsqnh wa@r—%rﬂ&ih@éhabﬁ&e%e%%rerﬁént ViEbe A S- piod u.esnoi or discrete
particle size |

ss, val ue c tharane
of parti'¢l ecoéreﬁtg‘i EiorTﬂﬁcoﬂ%?\Eéeéor%lsﬁs o8 ¢ o K replE Q?teaég C\:ﬁ?‘{éﬁfp%&? of the mags
i s in small aprgxmatingthe sbsalats valoghhesause of the lggTdulpfams pppligs. A mi ni rum val ue of
100 nmis used ifyuldd dibde maqjls%hﬁo;ﬁl@?én&.@émaésagoﬁ&mlegntﬁ@&hg@n W th very

| ow partlcle Si Zes EII’I% he aver age part e slz
cal cul at i onfTomAR NEe 2Royt10 ﬁ@a‘lﬁ‘haf‘“'d 'xP@P;wdwgnefba'ﬁreqrﬂqr@e@r%@ a(tﬁfér% 79 pm,
bei ng causesinby arat hevomdt megHeticd trestraed | ragpettivell.NEhe Phenomerpotiserved iis al so

excl uded {1 QLS 68 SHA 19, SdTerd Wil RODIELLANS ehE: gR,83 cul at ed

average part siZzes are feated sanp nm (after
hour treat nkgwre 10, j.e.ca signifigardgesietion of @egmentroémmneém parficlesy antl eheany (2, 820

passes or rﬁron&hrfcfé‘dk@&f' 1RE afnblifB ) narbAMRbRicRs - EVERGNGoh GrehthAl oreg of a red
i ron oxide lQn.Jn . a r system 30 Magneti c treat nment

di s S servoir
of a red i r’gwg%fr‘i?@yﬁisgﬁé‘h? S‘Qﬂ'ﬂgﬂﬁf’?f%ﬁs'ﬁa@d”ﬂ?"ect ed in the reservoir
syst em shown i n The b eala8, shownpr figired0 are2albo tsed foresaaulatng p4riicle wied h a coni cal

bot t om tyg w*aa&dwort Qﬁm ﬂ@%a@?%’b%ﬁ& gﬂr%é' iﬁeexz?]r@le ﬁsuﬁb%ﬁguch Lol ifie 6 1S

connected by t suc magnet (2) is in
a downst r eafR qg‘a}eg@tv?r@gg pariicle s:zes are 1‘1 5 Hm (untreated sample) 4.91 um (after 1.5

minute treatment and 2.34 ym (after 1 hour treatment), i.e. a 57% particle size reduction
after 1.5 minute (28 re-circulation fimes) and a 80% particle size reduction after 1 hour
{1,128 re-circulation times).

25 EXAMPLE 7 — magnetic treatment of a vellow iron oxide pigment dispersion in a closed

system
Magnetic treatment of a yellow iron oxide pigment dispersion was effected in the

closed system shown in figure 7. The yellow iron oxide pigment agqueous dispersion
treated in this experiment has a concentration of dry solids of 50% by weight,' a viscosity
30  of about 350 mPa.s, a density of 1.6 gfcm®, a pH of about 8.5, and comprises prismatic
paﬂibles with a particle density of 4 g/cm®, and being stabilised by an anionic surfactant.
The flow rate applied in this experiment is 4,7 U/minute, which corresponds to a linear
velocity of 11 m/s through the magnetic field. DLS analysis of the dispersion particles
and average particle size calculations were performed as in 'example 6, except that
35 samples were diluted 10 times with water immediately before rheasurement. ‘
Figure 11 represents the distribution of relative masses of particles in the range '
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tubi ng (1a, 1b) re-circul ates the pignent dispersion to tReAugyst6t he
reservoir (5) by 35 neans of the sanme punp (4) as used in exanple 5. In
this experinment approxinmately 250 ml of a pignment dispersion is poured
into the reservoir (5) and the sane flowrate is 22 25 August 2006 WO
03/ 072659 PCTBEO3/ 00033 applied as in exanple 5. Warm ng of the dispersion
ow ng to weatwn7gisssi pati on by the punp during treat menBESoBESS pronounced
in this systemthan in the closed systemof exanple 5. In this enbodi nent,

the linear fbfwnmathapdt 1éd\ﬁnaﬂﬁ@¢é1§washmpﬂg%emspa@@n bsﬁa@ arne%héience time
of the suspenskg field he, sane red

n t hrough eac n
iron oxide P4 ?ftm%ﬁTﬁ@o‘LF?“Eﬁ”éﬁ:&”gfi ﬁ]sré@’s %S@R%Wﬁqeés%'"vyé"s amf"r‘r@&f ed in this
reservoir sysismdgrdicksespataly bdtheceni izanddios inm, bpdni teatmwals irdde ¢eatedhed, DLS

anal ysi s of skl HeSARS ShaaRRds6h SorRE! £, BRHT O BEfbabitkls, 15 Bre part ol e

sizer as in a standard reference for
viscosity. &elpfye é@eaw@) Ais9 qsignificard deiUPFE’g ofifhe RUTDREr et agorpaRies REBIESN bef or e
nmeasurenent 10 The 108 Jrmpli®obseted. TRt céidmiatﬁdré\@%'g@qbaiﬁlaé SeS GRS .Y, unt her efore

zil)égisu?;evg{]”ﬂ%%ategl 2 Zeg aBﬁ? tﬁad s aasoolﬁi'?t"?)ﬂ@ rg)pﬁﬁ ggﬁ"éf)%{aﬁe s'%) represents

t he di stri bteducipn affer t bount3, 826 Pmsse’se-wculpmﬂttm‘@‘é es in the range from5 nmto

about 100 pemhpﬁéw_ @ehé Qébt@éﬁtgrea%hmtoxﬁé @Q@.&ﬁm@%@&t RliRed after 1.5
m nute and T hour nagnefic trea respectrvely e phenonena observed
in 15 ex‘erp?yé—gl are confirmed in this experinent involving a reservoir
system .as showThe samé iygliomweirdhOgxide. pigment Sgpoud dispansion edidreatad apfin t he anount
of m cromet gl paryi BLESan%ﬂgs athtﬁé Yd.syé&:%ﬁ%nfcﬂfra‘fésﬁle%et&b‘ﬁ.c%”& ynt of

nanosi zed partlcles ven nute already results
in a signiffaultionsayers rarfermisd 28 i RAMeEiSote: samRlesyese dilvted WANRAS M fi gure 10
are al so usestefifmeiatblp béfare indgsupddidnt.cl e si ze 20 reduction, using the sane

ot Mool 09Y 35 iy 2Bk et VTR CONOAL0G: ool AL BT o aver age

particl € si zes a m untrea 5 mnute
treat nent afwen Qn@zlo WH’(‘@ﬂM@rOfmISWQWW iron eadmgme)ntdlspeesmnabe@w/trqmqnt cle size

- reduction  &fd R mikutds &1 dhe trBur(afBr rh@gn@i.crteéatnaetnt Qhe tdd0BDH oPRE amoGRYT par ticle
size reduction a LE 7 -

|
rot o+ BBkt Bl o Hop PN B TLAD M ERE PR PR & o sed
syst em Magnietpbdante efaherparticlesfsizad yaWéewabloutcﬁﬁo owi anhd 3ping imeotnpalisspeitisi on was

eff ect edyl Nyf @Pp RSE L5 %S s g{bg%mip tﬁla |§|@Hroﬁ of I'ph%@:g! yg%t'éggfé/s ifi@n oxi de

pl grrent aq ue I spersi on expe concentrati on
of dry soI i u@lv'@}fa' %ﬁ%esy‘\ mpgﬂﬂon O%Eh%%%ﬁ@@ﬁ W'S‘?' ﬂme effigaisdiishayse Pl s, a
density of ffeng & pbst-tréatinéht afutiGh@ithe Sarftle S8l pESHIRDY HeBRfe el sEibHify iof

the nanosized particles may be critical: such particles were clearly seen after 10 times

dilution, but disappeared after 100 times dilution.

25 The calculated average particle sizes are 12.1 ym (untreated sample), 560 nm
(after 30 minutes freatment) and 5.74 pm (after 1 hour treatment), i.e. a 95% particle
size reduction after 30 minutes (1,410 re-circulation times) and a 52% particle size
reduction after 1 hour (2,820 re-circutation times).

EXAMPLE 9 - diffuse reflectance sgectroscogic. analysis of a pigmented concrete

30 A ready made dry concrete pre-mixture of sand, cement and gravel was filtered in ‘
order to retain only particles with a diameter of less than 1,256 mm. 400 g of the filtered
concrete is mixed with 60 ml of tap water. After mixing ‘with a spoon, 6 ml of the yellow
iron oxide pigment aqueous dispersion used in examples 7 and 8 (being either untreated
or magnetically treated 5,5 hours beforehand in the closed sy’sfem shown in figure 7) is

35  added to the concrete. Once again the sample is mixed and left to harden for at Ieastl12 7
hours. ’ '

24




particles with a particle density of 4 g/cnB, and bei ng $bAbgyst Z¥8 by an
anionic surfactant. The flow rate applied in this experinent is 4,7

Um nute, which corresponds to a linear velocity of 11 nits through the
magnetic field. DLS analysis of the dispersion particles and average
particle size calculations were perforned as in exanple 6, except that 35
sanpl es vwspes/gdrdsuted 10 tines with water i mredi at el yChoBEsresneasur enent .
Figure 11 represents the distribution of relative nasses of particles in

the range 23 2%ofuisbicXihBles U GhAT 705 IEHRENR AOUIG oS nm Lo about
100 pm of the Lyellow i ron oxi P [Mglsg n before nd one hour

af ter magnelS'8°ANFPR 4 SRREPSCORY; g‘ﬁ‘fr%' q’% r sTiEd IF%H HEPgade aP( tthe anmount of
nanosi zed pahdiespéarsmetes peoinatdally basiablen f@man&na:E)OTemtrommfm timat ment. In
the treat edgiaibaibéits, AR ngﬂgmduxnt@nﬂésmsurwah&aafogaégozosd bEven on a

mass base, | S nmb5 trve I cant reduction of
the numbér B¢ %@@?e‘i‘j’&‘i (bﬁé?'%é‘ef’i’ the poloyn 9f e GapmAy- The @B@@f (agneticrhe
cal cul at ed aysmagenppe tolelr ef hez@Bcrate anidtdre s ERdwr( lmnﬁdu&atiﬁdfoﬁlfagﬂh@) and 5.72

m (after I 7 i Sl 7 after 1
E\ou§ (2, 820Kﬁbge*ks é‘&s” Eg?ﬁ%ﬁd}kée @elpgthe%f% &Oth% Béo%?ﬁl\/% ﬁg?&;&c@:c t reat ment
of a yeI | owintengity obkepigionpagabRetion pidhrewayplgnath af the epléeéaeam@met?@n The sane

%Elsl ow : I ONn@>andl @5MhrE.Edlire Wb!@é?lv%Ienﬁbr&@ﬁéﬂh@ﬂh%ﬁsohﬁl&%ﬂﬂi! @i vidible €xanple 7.
ana

f the di s i.cles vera article sjze

cal cul at oniqhvﬁlfhe ‘?ﬁ‘”@?ﬁ%‘&*haszﬂy é%%lago‘g%&"@ a"gg?% Wds [TRP%Yi | ut ed 100
times with bmeemagntfmaﬂfateeﬂ of theeyeliove iroreaider migraettt disp&sieh. Jhe &llding epr esent s
the distri biéBlb?Fbw@és Jrﬁfvé%?e%%ftﬂ@ﬁ&%%lgﬂﬁcaﬁlacrhﬁﬁg%%thb'fbn‘h%?pe&%@%‘es. froms nmto
about 100 pmof this yellow iron oxide pignment dispersion ore treatnent
and 30 m nutes or one hour after magnetic treatnent. The reduction of the
ampunt of mcroneter particles is nost obviously shown in Figure 12. An
increase of the relatelewgh nypaildkeance obingd vabpdiaidec! es si zed bet ween about
200 nmand 3 pmin conpéri sorl wirdéh 30 | arger par4a¥cles is al so shown,
suggesting the disruptié@h of |pluesgecgdl aggregateks¥ nto i ndividual
particles. A conparisors8bf tHegdloweqults with thdse of figure 11 shows a
strong influence of pdst-trgatgent |dilution on The particle sizes,
possi bly because the st@bilitly dfe tlhe nanosi zett¥particles may be critical:
such particles were cl dat|ly deewnlaftier 10 tinmesl®dil ution, but di sappeared
after 100 tinmes diluti gl 25 |Twrlgaljcul ated avel¥ge particle sizes are 12.1
pm (untreated sanple), 560 nm (after 30 minutes treatnent) and 5.74 pm
(after 15Notest MBR!GHALANt chanBes fe Pap BrBi@ietbeCAneincréésé%f En@qu&fshm i ter 30

m nut es (1 410 re-circulation tinmes) and a 52% particle size
colour of the treated concrete sample including the magnetically treated pigment

dispersion. The intensification of the colour upon treatment may be explamed by means
the particle size reduction already proven by dynamic light scattering. As a consequence
of particle size reduction, dispersion of the pigment into the concrete sample will also be
- 20 improved. . _
EXAMPLE 10 — magnetic treatment of a calcium hydroxide agueous suspension
Magnetic freatment of a calcium hydroxide aqueous suspension {(average

particle size 100 pm; concentration 20 gil., i.e. 2% by weight} was effected in the
reservoir system shown in figure 1B, under the same linear flow rate and residence time
25 conditions as in example 4, except that the magnetic device comprised three identicai
magnets arranged in series and commercially available from CEPI-CO {(Antwerp,
Belgium) under the trade name “ series W, SAN R1/2" D, each providing a strength of

about 10,000 gauss. =

The turbidity of the suspensmn before and after treatment was monitored by -

30 means of the turbidimeter shown in figure 15 and previously described in example 3..

25




reduction after 1 hour (2,820 re-circulation tines). EXARPLEDuwt200§;ffuse
refl ectance spectroscopic analysis of a pignented concrete .30 A ready made
dry concrete pre-m xture of sand, cenent and gravel was filtered in order
toretain only particles with a dianeter of less than 1,25 nm 400 g of the
filtered concrete is mxed with 60 m of tap water. After mxing with a
spoon, 6 wWbom¢72¢she yell ow iron oxide pignent aqueowsTSESpaBssi on used in
exanples 7 and 8 (being either untreated or magnetically treated 5,5 hours

bef or ehand IPam&lEues&tlle@Sﬁ-derSQfﬁt%h Hamen sééﬂerf !hg tlf'% %eJn) frb@ tl:fblstu?cﬁ’cfi'rﬁgert o the

concrete. arden for at |least 12
hours. 24 2 |gg\338§bou§dg%evo@@)£mﬁ@gg p'ﬂ@gﬂﬁﬁ'@?t(ﬁ'ﬁ‘ﬁﬁm%@m'ﬁ'ﬁ%tp%t e sanpl es
are crusheduntreated demple de mudl lyssdurbiddhanathe @rhotrg add fhosms treated karaglasnce
SPECt I 0SCOPYnebkigy fial et Bige rp%ﬁ.aag %dtha%nmd st Yot @reﬁ én.le o allr

photospectrorreter comer ¢i al E/ aval | fromVari an

(Ml bour re, Ireat@ed thete is & plgnifican fé?ft"ﬁ‘quBW"i'ﬂj thad seatieriha lioht W’h@%’éﬂﬁ% of
radi ati on alvsonise dadiylesthatdisizes anpihg frormbbouhsoamube ab&k pad to the col our of
the sanple. The on.the col he concrete
m xture is shovvnA‘?tle'fn(?fﬂt m%tegalgg%hlla&n 'ﬁea?'ﬁémK&BeW?t‘T\%?ﬂ?p ’So %r}t;nce (bei ng
the ratio oWherpas ibip3a2 Neafter %C@ﬁsﬁe{ﬁweﬂtﬁnﬁﬁe*sr\éﬁﬂeeéb@ms trgafrpeph det the of

radi ation) aanpae&asrugwrﬂdﬂemfbﬁatwrm@t@@memﬁhs&h@mbremrﬁi@merbﬁm bet ween 200

nm and 750 nm. Fi a denonstrates that the absorption of UV and
vi si bl e Fr??ﬂ?m ?’Plarg‘ﬁttg(rﬁle {r%%e\‘;@?@ Rt hs (mainly between about 200 nm and

-500 nm |s i nproved by the magnetic treatnent of the yellow iron oxide

pi gnent dispersion. The following table provides an overview of the nore
significant changes, in the formof percentages. wavel ength nn col our
change i nabsorbance 700 red -2.4% 620 orange -1.6% 580 yellow -1% 530
green 2% 470 blue 12% 420 violet 18% 370 lowerlimt 23% 15 These nore
significant changes are responsible for an increase of the intensity of the
colour of the treated concrete sanple including the magnetically treated

pi gment di spersion. The intensification of the col our upon treatnent may
be explained by neans the particle size reduction already proven by
dynami c light scattering. As a consequence

Limted
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of particle size reduction, di-spersion of the pignment in2bAuduet 288hcrete
sanple will also be 20 inproved. EXAMPLE 10 - magnetic treatnent of a

cal ci um hydr oxi de aqueous suspension ,Magnetic treatnment  of a cal ci um
hydr oxi de. aqueous suspension (average particle size 100 pm concentration
20 g/L, i.e. 2% by weight) was effected in the reservoir systemshown in
figure 1 B, under the sane linear flow rate and residence tinme 25 .
conditions as in exanple 4, except that the magnetic device conprised three
identical nmgnets arranged in series and comercially available from '
"CEPI-CO (Antwerp, Belgium) under the trade nane " series W SAN R1/2" D
each providing a strength of about 10,000 gauss. The turbidity of the
suspensi on before and after treatnment was nonitored by 30 nmeans of the

turbidinmeter showmn in figure 15 and previously described in exanple 3.. 25
25 August 2006 WO 03/072659 P 03/ 00033 Particles settled under-
gravitation do not scatter th “peam fromthe turbidineter. Figure 14

shows. the evolution of the voltage plotted against tinme. After 110 m nutes
the wuntreated sanple is much | ess turbid than the 2 hours and 4 hours

treated {SY eﬁ\% f ,%gﬂ{ehﬂerabg%ﬁea{sfgme@m tcombmdlpsrﬂclme aint reat ed sanpl e
have settl ?

ter s treatmnment, nt fraction of
- particles Egglaﬂefé'@ﬁﬁ‘iséF“dFH@qé%'?ngaﬁe ?fd?or%g'%?fsa?dﬂ% v F‘gt ter particles
hﬁve s: ze%g@ ol ratiicles bt agidmeratsiguspeadetoibenein thigugh mr 110 mi'nut es,
t evota measur.e M reas it: |5322
V after F@Q‘iqh%g{@%mmg%gmg%}a@g ?iégf'l“ %%S?asl%to 2 thgr}t e the
sanpl e vvaana’ié]l%cnmpmnﬂlpadhctds arfaggipmerales by at kasbeh Yebrpfe 5 mor e tur bid

after 4 hqus K eowunby edightl obaaidl e. 26 25 August
2006 CLA Wﬁe%’} Sgﬁo "ﬂap%méﬁ @d af Qeablh Y Right! of anid g

or reducin he aver [ tallic conpound
parti cl es sospendajigiagisies at aoglo B"&?ﬁ?@n‘ﬂ'@c’.ﬁ%’f 'ﬁ?ea ‘?"ﬁﬁ' %Q%Q%Fﬁg"vé&hgﬂggne or nore
times, sai difyls megmomggau& ﬁ&t\ﬂ'lal-dirﬁthsnimoﬂmdramtsaldlﬂeld tigputliggl orrer at es

suspended therein thr o netic fields to reduce the average
size of a @%ﬂddﬁ?gnﬁ?c%&'?%e %E%ggzgﬁrr%t al l'ic conpound particles or |

- agglonerates by at |least 25 % preferably at |l east 50% wherein said

~substantial portion is at |east 20% by weight of said suspended particles

. or aggl on%a‘&%mm ,,{g ﬁm@tqr@m@,nt@fsueagzﬂﬂusaacd saEgmenete 10 field is at
0

| east 2 auss and wherein the linear flowrate of said fluid through
' eld is about 10 {IOD gauss.

15 -
3. A method according to claim 1, wherein said metaliic compound is selacted
from the group consisting of metal oxides, metal hydroxides, metal suffides,
- metal selenides, metal tellurides and combinations thereof.
20‘ 4. A method actording to ciaim 1, wherein said metallic compound is a metal

organic or inorganic salt or a metal complex salt.

5. Amethod according to any of claims 1 to 4, wherein the average size of said

" metallic compound a-gglmnérates before parforming said method is in a range

| 25  from 10 pm to 100 pm, and whersin the average size of said substantial

' portion of said metaliic compound agglomerates after performing said method
is reduced 1o a range from .45 pr to 5 pm.

6. A methiod according to any of claims 1 to 4, wherein the average size of said.
| 30 . metallic comﬁmm‘d par'tic'lésbefore t)ei‘fonning-said method is in a range from
| 0.5 prn to 10 yn, and whefein the avarage size of said substantlal portion ¢f
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each said magnetic field is between 0.25 and 25 m's. 2 AZPRudeid08@cor di ng
to claiml1, wherein the strength of each said magnetic field is about

10, 000 gauss. 15 3. A nethod according to claim1, wherein said netallic
conpound is selected fromthe group consisting of nmetal oxides, netal
hydr oxi des, netal sulfides, netal selenides, netal tellurides and

conbi nations thereof. 20 4. A nethod according to claiml, wherein said
nmetallic conpound is a nmetal organic or inorganic salt or a nmetal conplex

~salt. 5. A nethod according to any of clains | to 4, wherein the average

size of said netallic compound aggl onerates before perforating said nethod

‘isinarange 25 from10 pmto 100 pm and wherein the average size of

said substantial portion of said nmetallic conpound aggl onerates after
perform ng said nmethod is reduced to a range fromO0-45 pmto 5 pm 6. A

met hod accor dl%ﬁ'ﬂﬁ%&&ﬁ’ﬁ"d %hﬂ‘egg?d Pérfbm"ﬁn WA feinBd isheduamptbage size of said.

30 netal lic ¥ eper ormng said nethod is in a range

- from 0.5 pnrange fidn pErmdmB0sier ei n t he average size of said substanti al

portion of 27 25 August 2006 said netallic conpound particles after
performng said nethod is reduced to a range fromO0.5 nmto 500 nm 7. A

- met hod- accordin any of cI | Gefidagd 1S a liquid
and 5 whef gﬁnegmd %‘%ﬁ tplagyg oung’ par ':Méegg?ﬂg'rﬁgb e rates are

suspefided i nwheeih dalb inptziliic cmmpmuné portitien erfagglompigles prey ﬂgg?WgE Toncentration of

Pao t et | afg)! hi?éti&ﬁ oflsaﬁahﬁaﬂid uid is-at |east
two tines thiﬂ‘ﬁ‘gﬁﬁp‘gt@ﬁ’f“*g <Ry Und ) OGS :

Imt sai d netall bf'ﬁc}é%%und said fluid
under -t he pheanipoand Paﬁlféﬁﬂp@'rﬂﬂgl‘?ﬁ‘é’amﬁr‘%§%“érﬂ8‘? 15 A0 condi ti ons
pr e\r/]a:jl i ng I&b‘ﬂl ||rFEWoP9a1d %@,@@l ébripbiHdr it dali g undeni the whgsivat i ¢ f i IeI d. 8 A
met hod accor di ng to claim erei al is calcium
carbonat e, WHEPRAFUERBESIE @W@ﬁ?‘ﬁ&?@“@gg‘lﬁ%eﬁwl n the formof an
aqueqyls sl ur gaid il thivegtesall mageeticdisident ration in said slurry if from50 ng/L
to 15 15 glL. 9. A nethod according to claim?7, wherein said netallic

conmpound is cal cium hydroxide, wherein said calciumhydroxide is suspended

Surry 1S Br e S99 oo - P SaH el CorpdiRl BBl | 07 11 <1 €

carbonate, wherein said calcium carbonate is suspended in the form of an
agueous slurry and whergin ils. concentrat:un in said slurry if from 50 mgfl. to

15 15giL.

6. A tmethod according to claim 7, wherein said metallic compound is calcium

_ hydroxide, wherein said caicium hydroxide is suspended in the form of an

, - aqueous slury and wherein its concentration in said slury is from 2% to 15%
20 by weight,

0. A method according to any of claims 1 to 9, wherein said fluid includes one or
more surfaciants in an amount such as to produce surfactant-capped

_nanoparticles.

25 | |
11.An industrial process involving the use of metallic compb’und particles or
| agglomerales, comprising a step-of.reducing by af east 25% the average size of

2 substantial portion of said metalic compound particles or agglomerates,
Wherein sald siep inciudes a method according to any of claims 1o 10,

30 .
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-10. A nethod according to any of clains | to 9, wherein 8afegusl2®d i ncl udes
one or - nore surfactants in an anount such as to produce surfactant-capped
nanoparticles. 25 11. An industrial process involving the use of netallic
conpound particles or agglonerates, conprising a step of reducing by at
| east 25% t he average size of a substantial portion of said netallic
- conpound particles or agglonerates, wherein said step includes a nethod
according to any of clainms 1 to 10. 30 28 25 August 2006 - 12. An industrial
.process according to claim11l, wherein said process further conprises one
or nore post-processing steps perforned follow ng the size reducing step.
$ 13. An industrial process according to claim11l, wherein said processing
step is a heating step, whérein said netallic conmpound is a netal
hydr oxi de and wherein said heating step raises the tenperature of the
particl r. 0 b ' f bretee@tflighef or converting
said mef3 I%Hv@gﬁéii 'gg&?%]{%%“%'y%?rg’éﬁggn‘z?ﬁ'ﬁ"%? ? .oxi.de.. 10 14. An
i ndust ri akomprisese vse A& JUKE iPAY-PIAEEING| ?FFEl?e’W&%% g g1epF' cessing step is a
“drying St?ar&uéiﬁﬁst ibstantially renoving the fluid in which the netallic
conpound particles or agglonerates are. suspended during the size reducing
step. 15 15. An industrial process according to claim11l or claim 14,
~wherein said processing step is a step of m xing an aghuvant together with

the gpti onal Auyindubtriala;dnqassadwdieﬁlodﬂaifa@blvﬁ‘ﬁw‘é?%”‘gﬁswgﬁ t2d size. 16. An
i ndustrial %%gsaeﬁg@gfeg{ D6y hrxtdicoddMpdiind Whe it tgaroddepantessing step is a
- 20 soni cation. step. . .

wherein said heating step raises the lemperature of the particles or
aggiomerates with reduced size sufficiently for converting said metal

hydroxide into the corresponding metal oxide.

10 _
. 14. An industrial process acsording fo claim 11, wherein said processing step is
drying step for substanfially removing the fluid in which the metallic compound

 particles or agglomerates are suspended during the size reducing step.

15 15. An industrial process according to claim 11 or claim 14, wherein said
| processing step is a step of mixing an adjuvant together with the optionally
dried particles or agglomerates with reduced size.

18. An industrial procéssac:mrding to claim 14, wherein said processing step isa
20 - sonication step.

29




