METHOD, SYSTEM AND APPARATUS FOR THE DEAGGELOVERATI ON
AND/ OR DI SAGGREGATI ON OF CLUSTERED MATERI ALS

WEBAGKERQAUND OF THE | NVENTI ON Fiel d of the |nvereT/082007/067755
[ 0001] The present invention relates generally to

MRS sar R AL GRS BE i PREe i frow

var i AND/OR!BIS 26 6REGATION OFIGILUSTERED BBATERIALS
invention relates to the chemnm cal - mechani cal

deaggl onerati on and/ or di saggregati on of specified
materials, which results in the separation of

clustered particles of specified materials, such as
ul tra-di spers@@(ﬂiﬁmw]g@ﬁjmww crystal line

. amond vari ous carbon materials, includin
F_mlclgg%'ﬁg%%_(gphe I | ke, and ot her aggregated and/ or °
[0001]29The rfﬁé@me thvwehtiord rélafee RAWAEY Sto Sitiis aheBlidW | @GRt @bchanical

oxi des, conpl ex net aI oxi des, coated povvder s and the
procesgefs kier ﬂseé%aggbmpeéﬁl@s diregereesiionr and{ @ogjdum, Rl gpdens materials, in
tgrl {
pamcu@ ﬁl gf%ésen{ %ﬂ;ggtﬁcg‘{ fee'rla“tgél @e e%g%ﬁéaﬁlgseclggﬁgﬁa? '&E&aegrlorﬁélﬁﬁc% and/or
dlsagmt‘nﬁm aff sipea:lf' ied meaterbadd, mmcnlsmdultmahe/ @dpaﬁhym@ff chxsmcecblbatrycles of

plication For anpl suc Is are use
SPeClﬁEf? gl?it%ﬂaiﬁﬂ 55‘31 PSHi tjI< np %On%&ﬁ%ﬁ trarpanty Fiystalli me dlamond
[
NI ST A i 4 S00008
agglonprated simsfine pewias| supl of einglespetal aridgocomplenmetal oxides, coated

l.i ons, performance material sectors, etc.
pOWdeT-%%él\}éa{ $n order to be useful in these specialty

Descriptii bfC@d14eA At SUCh powders need to be refined and
provided in usable fornms, such that end-use )
[0002]raRatvderedr enateriale &bk e redicubtai m&ﬁ@rgih qmmromytepem@r garticles,

at a. reas bl e.cost. Accor,din there s a_heed
nanomep; izt BEVRS a0 S50 PEERHF W 2 oG0S Ty & RESS o Sheciay
applicdfRnsll B6it dxaBipte, sichidkteAsls atd\ebdd il pﬁ&wmh%hbﬂﬁh? grocesses, chemical
el ectronics, energy generation, environment cont r ol
£

mechap@@lr plenainasian (& iheski ceH| appHeriions, exyegep (yogTtipg, biotechnology
P roces|gler§ "%g%m%éf eféligcgggsf g@@é‘%ﬂ%gfer o?ér?g%ées asi’gﬁsr‘ﬂé%lu rpgglcanons’

perfonhmdasematefﬂag htebrss PRSI fHGﬁéVe@niSn anderset bsfysefilein these specialty
i ncreasj ng denmands of high quality powders. Attainin

- applicaigap, suplyRewdese Beqd te Reireired and provaded inpsahle fymsneich that end-use
manuff@efsChre W& to obtain high quality powders at a reasonable cost. Accordingly,

there is a need for a process capable of providing such materials to manufacturers in various
industries, including electronics, energy generation, environmental control, petrochemical
and chemical industries.

[0003] As discussed, due to the application in such specialized industries, greater process
performances are required to meet tighter specifications and satisfy the increasing demands of
high quality powders. Attaining such tight specifications requires improving the control over
the particle material properties. Dependent upon the type of materials to be produced, each
has various drawbacks and requires the production of pure powdered particulate matter. For
example, some of these materials may include UDD, UNCD, carbon materials, coal, single

oxide powders, complex metal oxide powders, coated particles, etc.



the particle material properties. Dependent upon the

type of nmaterials to be produced, each has various
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through solid state reactions, crystallization of melts and solution methods.

[0007] In the solid state reaction methods, compounds containing the metals of interest are
combined, thoroughly mixed and then fired. During the firing process, the precursor
compounds break down into the oxides of the individual metals. The metal ions then diffuse
together to produce the compound containing both metals. This diffusion process tends to be

slow, and therefore, the material is cooled and re-ground to create fresh surfaces for the

individual metal oxides to interact, and produce more of the desired compound during
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flame, the oxides may be preferentially volatilized leading to the segregation of the metal
ions. This potentially results in not obtaining the desired composition in the final product,
and in a non-uniform chemical composition throughout this final product.

[0010] Another type of material in this general application is referred to as coated particles.
Coated particles may be made when a coating oxide/material wets the oxide surface of the
primary particle. For example, the catalytic behavior of V,0s when applied to TiO; for
alcohol conversion to aldehydes is greatly improved through coating the V,0s onto the
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value added carbon products. These carbon products, however, have minimal or no .
requirements directed to the exact physical and chemical properties, such as: particle size,
particle distribution, particle shape, specific surface area, and bulk purity. Many of these
application needs have been met with little or no success according to the prior art.

[0013] Normally, such ultra-fine powders, including UDD, during production or
processing, form aggregate/agglomerates, commonly referred to as “clusters”. In particular,

either during the formation process and/or subsequent processing steps, aggregates form,
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attractive forces.

[0017] In a further aspect, the present invention is directed to an apparatus for separating at
least one cluster of a plurality of cluster particles of a specified material. This apparatus

includes a mixing device for receiving and mixing the specified material and at least one
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[0023]P! @ Als 1E ¥ s@lenthtidSHEH oPEkd éxﬁi)&ﬁm@ﬁt &F a3R8BbA bdsystem according to
material . This apparatus includes a m xing device for
theprelsenenmnngn,and m xi ng the specifi ed materi al and at

o024 358 ST TGO D 20 %8 B ffption i

the method and system according to the present invention;

[0025] Fig. 7 is a schematic view of a further mixing apparatus that can be used in
connection with the method and system according to the present invention;
[0026] Fig. 8 is a schematic view of a disaggregation apparatus that can be used in
connection with the method and system according to the present invention;
[0027]  Fig. 9 is a chart/graph illustrating particle size distribution after a specific mill cycle

time of a product produced according to the present invention;



wetted, clustered particles. The apparatus further
i ncl udes a di saggregati on device for receiving and
wael@agemegat i ng at | east a portion of the m xePCT/US2007/067755
material, thereby providing a di saggregated materl al .
ljzat

ouzsy BT 2 oS, EES oS ERSh 01 b5 B gyoe of »
product BedtccndcsHiligto ftl%%rH§e%§m@@1‘ihcﬁlh aracteristics of the

present invention, as well as the methods of operation
[0029] anElgf Uhés & sehematic (virw pEh atabdlzeh@mém@ o use inyennnedon with the
the conbi.nat.i rts nd econom es of

method and sy as ordigg ?%%ee%rgﬁ%@%’?% “Abpar ent upon

[0030] CORR. derigtal RRehtid DRw 6f hithdiGstatalitibtdeoite EBEusd R connection
appended clainms with reference to the acconpanying
mthﬂ:@mﬁhng@d Sastpmcﬂccmmﬁo thsy presenpEwventam: t hi s

0031] %' flbqgta'c%grt/ hgltrzlﬁ'n af‘t?cfl‘?"s Wstibiiioh r the use of sonic
on I'ng parts 1n

gnate corr € varil ous

energylfbr a §roﬂﬁctlp@ochicedl esdkding tidhe ptasett,inveitiener , t hat t he
s are r the purpose of |IIustrat|on and
[0032] deg’(gr 1815 ar gyapéwéiuﬁ-’faémﬁdfm%% BB $174sVeESUd FOMT {97 product

produc@cﬁa& F %Fﬂﬁaép&fse n énﬁggntl on. As used in the

peci tron-an e clains, the singular form of
[0033]" aFlg "and a pm‘speé'tivbs)iew of Iawdatrﬁhgatlah deeice fentss inrbesstion with

he context clearl ct at es. othervvl se. BRI EF
theme%@%é%??bﬁ maﬁ@r%)(%%ﬁw NeE PHHOL Fig. 1 is an SEM of

[0034]0- B 766§ 9@6&%51 ﬁ@ﬁltdfci RSthEPEGH R REGPILARCRT Wsd bh EdtRiection
prior art; [O Fig. 2 is an FIRTEM of the coal

with thg amethed o8l S@ﬁteﬁl agcon.iumftp ¢he presenginyenteé@ssed according to
t he. t 002 Fig. 3 1. EM. of
100351, B 55 a0 0 g o Fohiens Py And gpmifffoval of a

producﬂpifo‘élu@ed_rd:e%xﬂfngttbQhé—iﬁﬂ@énpﬁfvéht@drﬁﬁn@f Fig. 3 after being
processed according to the present invention; [0023]

[0036]F| big. 48iis a ghayt/meaph iilestiatingreshlian sumensien ﬁdéé]ﬁectame@t removal of a

poce PR PR AU BRI o 2" g ™"

apparatus that can be used in connection with the

met hod DBSCRIPTHDN auic OHi RI_{EEERREE HMBG)@HMEM’VS&M i on;
0037]28%5}? Qp]{?ggqsh%ﬁ th@acg:s%glpte ; Irglﬁafter the terms U%Fe?! Toé(vern’g “right”,
“left”, “vertical”, “horizontal”, “top”, “bottom”, “lateral”, “longitudinal” and derivatives
thereof shall relate to the invention as it is oriented in the drawing figures. However, it is to
be understood that the invention may assume various alternative variations and step
sequences, except where expressly specified to the contrary. It is also to be understood that
the specific devices and processes illustrated in the attached drawings, and described in the
following specification, are simply exemplary embodiments of the invention. Hence, specific
dimensions and other physical characteristics related to the embodiments disclosed herein are
not to be considered as limiting.
[0038] | It is to be understood that the invention may assume various alternative variations
and step sequences, except where expressly specified to the contrary. It is also to be

understood that the specific devices and processes illustrated in the attached drawings, and

described in the following specification, are simply exemplary embodiments of the invention.



connection with the nmethod and system according to the

present invention; [0026] Fig. 8 is a schematic view
wW@Rooav12fi93aggr egat i on apparatus that can be usePCT/NS2007/067755

connection with the nmethod and system according to the

present invention, 027 i 0. IS chart/ graph
100391 TR pressribrgmyet] B8 Seleat i IR PGPy qiparate clustered
particlSREIshe G180 MbtefCinf dikdBtePharti1drA616 smANQHUGERSs. As used herein,
according to the present invention;[0028] Fig. 10 is a

this prohesst gy alpeh réfeiredttoasd ag serapasionepiocessor disageragation| process, a

. cle.tinme of a oduct.. pr.oduced. accordi ngyt .
aisesaibrdich PRoan, FoMbel bogef Ry BRECE Mhddivt &% praggformine
cluster€f partiledlihlo didtreRNpAaMilSe hekrislSad/dt aealke ChistktedViphhticles. In

__the nethod and s sten1according to the present . )
additiopnithe msgnt,ly—pxysgt@% npstlpd, ssiers agd appraais iscusgfudip gpnnection with a

. et ahil i ) dowi L ) .
e B P00, 5 DS s oo
and prodeée Maydse; a [pORddied hageridl 3an sxideciainileghaiah oxide, a complex-metal

. illustrating particle size distribution after the use
oxide, o7 - aogifdc Pé‘ﬁ’ékgy“?é@%’%?‘éd@é@%ﬁho&ﬁ@e‘é@ﬁcEB’ISE?iuH@ gipmond, an
aggregﬁ*%ﬁ BLESAN G| ;%gﬁﬂﬁér?t@d hA834] aFiSbcufbded mattral AL Roal, a
I'Tustrating particle mean size versus power for a : .
carbongyasetll ahatpriald uc edicaonetedsingl troatetia, pr emeomefensizad | material, etc.

ML NG NI TR A

connediBh At #3%ysY 5 SMeAGCA el Ae Fhith, RHRREME phAitRB kRN cluster,
[0034] FI'g-” 16 is a sectional view of a further

aggregetenir pglogrtdte dueitovthe ebdverdissygsddrrobesivietor¢asn Asi diseussed, it is one

. hod and. system accordi ng to the esent . nventi.on; .
object £ e A Lo E R et D LT gl Bl pterias
into snSAIRPEMSERAD: ANMredephriTER. renoval of a product produced

according to the present invention; and [0036] Fig. 18

[0040]; s Im aphagxemplepthe specisied anptagalp eshiectedt tos thepaiediogh sustem and

oo T Rl o L B RSP Ll e
is shovaVBORENENTFE1EDRBEE iFsive Petiees 0ndfl OtihRralss othpini average particle
size oft-] gﬁ%ggaze\%ré bt ;ngzqn}s;er'iqﬁélr&%%gggtgtesr tlhgll\cﬁtg’;e:rec; rﬂléti%?%ﬁf such particles
i B O e S S o e
prior dit,aasi thgsef pgticles .ardigramdrtp sub-mierdro phxeiciensleess toydtenfiad accrete
(recorr{}ngq?q Iéc{]?/fg%llg&grrm é)(%gg:?ess? r{l%evt%r i)lngJﬂSC %L%O%Q&El{ \zla.gd certain controlling
attractive/adhesive forces). As referred to herein, this accretion is similar to the aggregation,
agglomeration and/or clustering at the sub-micron and nano-scale level. This accretion will
be avoided or reduced by subjecting the sub-micron coal particles to the presently-invented
method, system and apparatus, which results in an end product comprising nanometer-sized
coal particles. After processing (as discussed in detail below), the individual particles are
illustrated in Fig. 2. Specifically, Fig. 2 is an HRTM of this nano-ground coal now exhibiting
a particle size of approximately 6 nanometers. The product illustrated in Fig. 2 is the result
of processing using the presently-invented method, system and apparatus. As demonstrated,
a size reduction of over three orders of magnitude has been obtained.

[0041] As another example of the benefits and resulting product of the present invention,

Figs. 3 and 4 illustrate the use of an ultra-dispersed diamond material. In particular, Fig. 3 is
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sequences, except where expressly specified to the
contrary. It is also to be understood that the

W@ p@eil2iots devi ces and processes illustrated i nP€TES2007/067755
attached drawi ngs, and described in the follow ng

aTE é{q{[lrflgr% E';qé)n(él%r t%glz)lgﬁlp%eeé mﬁlg) nlgqiéfm%teﬁ@ﬂs aggregates or
cluster@ Bf’ %ﬁ&mﬁt@i a0 8hhcthdt&s ih §iz@t adhek %rdc@?sug@‘%?@fcﬁﬁg‘ﬁosthe present

di scl'osed herein are not to be consider [imtin
1nvent1p@,0®8]res1tltantsn1at¢nbb isulistraied ad Fighat whieh isna diiM o thesp partlcles

dlsagg%egatﬁge r}Et ous aI el altgl s\élg(tg%/ 2; qrﬁlf'nlelgg afeisg@mg opr{)ﬂléct evidences

partlcl&Qﬁ'tabglfo)(Lmdtélyl 12 r@h&ﬁeﬁeﬂs iAgizgnder st ood that the
i c devices and processes illustrated in the

[0042] 5t if herptode, dasaillugtated Abevel@sé ripdags.i hrdt He pispemlyriayented method

cftcti 7 Sk 680 L3 ANGAIIPLY, SHEIRALYSAORM HROLE Shifileandor

rese -l nvente

smalleﬁﬂdsta@pﬁrh&huﬁa}aﬁl%ﬁ ot iyl n the pgackilieed hpisticati@th distubdedlabsve. In
of a specified material into discret e%{)artl cl es and/ or

particulgry fhecmethod Afathg progent, sgniyen aicides yyating gt daast adiprijen of the
cluster%c?fggﬁlcﬁg 5 &‘é%%rf%ﬁﬁg af hast Q?}Bﬁﬁﬁlsof Bedd ﬁr@@&f glggt%:feﬁrbamcles

cess di's ation ocess or other sim
into a ﬂrsagge@mﬂ maedels sdkschr wbhldamluée ghaltar ahstems andigr discrete part1c1es

ofthe Silsh ral A MRk (et SSEOSRet PEAIGE st BRAP T, VRl rduces,

eliminREE 7 NMebModdNFRIRY BBARAGNg SYPIaMR %Pﬁe§‘%@éﬂ1%é %artlcles and

useful Tn connection with a variety of materials,
surfacq;ll oo stebliliagd\tbe fiRalr produgtps ebtaired, mslewwraabcsfabpéhw @cbmples in
Fi 2 d hIS met hod and process may be a powdered naterial,
185- <d1%%i de, a single-nmetal oxide, a conplex-netal oxide,

[0043]2 TRAtRA] BRkihEtGhey baHirthar ﬁﬂo@@@é@@?r@h@gﬁﬂ @verlinbfeArsBAN Broduct

crystal | i he di anond, an aggregated material, an
by separting tkis avesied ndisegeregatedaand wehilizesk weteriak isto ane or more specified

partlclg 12'%r ?Cl 'ése orcgéé'ibuﬁf)ﬁsar b?l[ﬁ ba%l%%\% HR! ?mél?}-g ucedt groduict to be

a nanoneter

spec1ﬁ6£113/ taSl@&fdl fd gfebl ¥, useHe nredhbg, exbibitirgm aadore@PRA@IY Sn@ fnarrow
the present invention is useful in connection with any

~pw101@§45@raé%eﬁa@@mbarlomn a particulate form where the

t,
[0044] pa@n't Cén?:ﬁb %}g s%%%@%%lﬂ?%ﬂ%@ 3’3{; 501099 91'11%21%&3 ifi schematic

form 1d|F$g:Lﬁsshdparu¢ulals uoﬂﬂs einpeditnent, thel‘lpropefseﬂénhclludwemtmnng/wettmg

tﬁg overcone these cohesive {n@rces and seg te t he
procesgd2ed APERIPERINITRTESE L 402 sabilizaliqn, Prgress ﬁa?qpﬁ@{‘l@% process

18. EL&ﬁé@lheLé‘v%s%ﬁ{E&@essets he spegd, fI'SeQIﬂIrBE QlidcAbstd n gﬁeater detail
Su the

Jected to the system’and apparatus o
below.pHesentr, byusing ithese peocessas, 12A‘64 Sée h8.i anfirel g»rodllpt s pBENaf, where

e e B B B B Bt B RE E Eer it
provid@ ¥ Qea8R fidld §k&distribution or range.

[0045] Each of the processes described above are used to transform the material from the
clustered state to the finally-tailored product state. Specifically, the mixing/wetting process
12 initiates the wetting of the clustered particles in the transformation from a dry or solid-
based system to a solid/liquid-based system. The disaggregation process 14 is used to
disaggregate, deagglomerate or otherwise separate these clusters into discrete particles or
smaller clusters. In this manner, reduced cluster sizes or discrete particle liberation is

attained. Next, in the stabilization process 16, the disaggregated material is diluted and
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size of approximately 6 mcrons. This denonstrates the

clustered nature of such particles prior to subjection
wa o00vhe7ops esent | y-i nvent ed nmet hod, system and PCT/US2007/067755

apparatus. According to the prior art, as these

. partjicles are ground fo_sub-mcron particle sizes, . .
subject; {pegfisparpian 1 abieatione %@&m@m@n tlep %aﬁlrﬁh%m@%r é?aracteﬂstlcs are
acquirdd®ddd FEde s Qlisttﬁblmd'iﬁsélbx‘ﬁ%q?faﬁéiﬁ@&.' PhaBPIinGRE LBlidhal separation

controlling attractive/ adhesive forces). As referred
procesg d8hearticle, sizéidéstaloutiont inodificstiai s helrieved, hevell as elimination of
ation, ag%I oneration and/or clustering at the

.aqggre
ove”Sl@a%[‘ﬁ]r Cr Yrfeat§*&no- scal e I evel . This accretion will

[0046]beA@a&hﬁg_®, Ghe rR6LEeEd 0DYT B1é0pREdrt NBVAIHRNSMRY NHeCleBitred to as a
coal particles to the presently-invented nethod,

separatyrs e disaerdioappracess.uwhiohhinchidese thel wstting s4ap, awartighy eepacation and

. ;CONMDLI Si N anonet er -si zed coal ¢l es. Aft
partclg SRAGEIHE PERERL B, ¥ e P U off oy ofte-fine powder
must bk Atbp¥isetURY itsARrhdrg paichy fzd inl di&driatetlopritFfullestdotential. It is also
Specifically, Fig. 2 is an FfRTM of this nano-ground .
advantagegps towoekeli betdlwsierasipaifen ¢ ifell sanee of Pafprsremaeienyale With
s G SE o E A Al B EAOg G hSovcos o
carbon(TRtskitihctssie s ot auptleappdurdigibe nAso-gending praesd, Fuatigl, Zfeagments

reducti on of over. three orders of gnj tude, has been .
causeddyy; the Hpdusiomvof| erindng foergymes tbofisprsed i BTty particle
e {jﬁ:{h ] oduct of the present invention, Figs.
si1ze m%?cgzrr]g@ [ E# %%Fir?%t e the use of an ultra-di spersed
[0047]di &¥ithn despedtetoi the . wdtting aradessull 2r the Filgster8d ipseticldsMief, thawtarting

U tra-Nano Oystalline D anpnd (U .aterigl. that
materigl i B0 OURoPeaeuLl B SREF SOBF B R A df PG over the
surfacd'3NAEBRbE PartiBuldteZ@rfald. t The Hl{1198€§ ?éf&ge@féczfértﬁé At &inponent

present invention, the resultant material is .
of the litnhid systemnewhich iFnormally oshiprised of abaEpbknt, hevwell as some wetting

particles djsaggregated into the-primary particle
endlorSpeisine Jasit e IR S PRSI ity OEORierE R kiegl may also be
used, RAKdh Gle€SperfaliaPcByinBalsetivt béndrRiREuRESct Kith d€dispersant, and
[ 0042] Therefore, as illustrated above and in Figs.
function 25,2 disperpntaidnt the-ligwidsalisdniesiope dTles iqud sysiery may be formed of
. Sepatkat.es cl ust .part ] -Of i Ll ri.al .
o vari P BERGHE Rl HeRRRE L R0y TR G, SR B8 PRI g peting
agent, "B Ylisb&reint Dgpeds €€lg |, MidsbRed p@tite)| iazedtepippldissolive Gddvents, a hyper-
. di scussed above hi particular, the nmethod of the,
disperggpkmaterial, ms¥REEIHC MperirdesPolet matgHalap noapelar ateiali gp In one
. , d di . .
cxamuf, B8 SRS B LR 000 (G R0E SAPLAC oo, s
three wetting/disphirsag ggetratved solatted, ale,fomdrich lof teislysteinn.c Aubéids weight of
smaller clusters ,ano(l#\ér di screte particles of the
> 25 Y patinftially tesiedpsr AAUANSRED. ¢ he di saggregated materi al

[0048]TUSH sHRRIP baRIotddZ 88, WhiENmIEMGeRing ShrbfisBALESheO wetting” of the
repl aces specified controlling attractive forces
clusterbé bneggregaiesl rati¢lecis ésitiaind. In some instances, the complete “wetting” of the

materials occurs throughout the process 10, such as during a pre-mixing, wetting and/or
disaggregation process. Due to the physical principles of “wetting” a material, and
transfofmjng the system from a solid system to a solid/liquid system, this process may occur
in connection with other steps and processes described herein.

[0049] One optional step of the mixing/wetting process 12 is the mixing of the clustered

particles, which provides some initial separation, as augmented or facilitated by the wetting
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surface. Once stabilized, the final product is

obt ai ned, as shown above in the exanples in Figs. 2
w@nw74279790043] This final product may be furt hB€T/US2007/067755

processed to provide an even nore useful product by

separating this wetted, disaggregated and stabilized
of the pertigles and ifrasiugtien of sufBeientfsessiip dbe pelption | whigh iﬁect the solids
or fli T t
comai 550" FASSUEG0 UL R RGP bt R fpm, sty g “emps
spaces™ mdbmeéenahu agglomeneddsrtinleschave had ain gr moimrb o¢pdabed kvitvthe base
and_narrow particle size_range or di buti on 0
solutiopn e Wafth aediieral applicaiionyplederies yhpsey ARt Y 6%&26[11 8* Fiegrate
C
resultﬂga#ﬁ%gﬁétrg %a#tﬁ:le?ﬁ&ﬁﬂ@f : d\i]ﬁﬁ%ﬂ ih @oxﬁg %ps;caglg%ésgt may be advantageous
to interrnptl thd esparatio bfi pastielesiat ghe flocesated 2tage, il sdggtelmak op these
Aoccu SRR 5B SRk bk B S Gar S, it e addiion o

Sidfe- RIOGESRE Hakfoles thaylBe pkBlewl frbmPehediRgdtSERAG, | Which b
approp r eat err det alsfi beeltsowal}ll—lo<<3/\/ep\1/3§re bymu5| ng %&ese o may be

accompilshcé gsieg p HIngAmﬂllﬂ%proa_@ﬁ, aadfor panixpneduiling/sogic radiation process

wheyr e e clystered p es hav
(as B8 RSl ook St S 18] BloRESEE0 il hE R Effon wses bot
mechahighll Ri:8fg ta@d RhINAE Steps, d&SW%ECbsp@frﬁplﬁil@tﬁbfZ@mmlsmes in order to
di stribution or range. [0045] Each of the processes

providg @s@qlwelé/dv%@e donhe base otusion il fits rdisnerraniie thej particle surface

fromth ' taj : R
within 6he azelg rEer at e %geéiﬁ%tﬁtg%pﬁl% stu?tﬁ elédr%l @g«-j:a% Va\g? %_rlﬂggg‘c%ng, provide the
resultaﬁf ﬂ)@‘(ﬁﬁﬁtel 2lubtet tize)taggrepire ondistiengpapficle pepulhtitst er ed

icles in the transformation froma dry or
[0050 oIAisd*éﬁﬁﬁﬁ he PetHnEPTacesy prdiihe mying Pé%&eé%iméi] ¢ spnbipgd into the
) e
mixingyrSAIIIROR 30, PEORRANor dnis b3 pllelt R0 A bplished using
vacuurh mhi®ing] m:ai@taeom @rdcessL ets. dm addiadd, ghis elixing eraceks majn bs considered
nanner , uc uster sizes or di screg}ﬁﬁpart

a pro TP S BRPTen F GPTED Ao Bl i S 2 fond replaced
by theDB %?’uti]og g di ro?giahﬁglngeéz pPhdafs 2@ tElaltl éé&lege used in the

ect to di spersion stabi ation.
mlxmgmmmﬁg Jprodees 12 mmailllustaed ouFige harkcilwsiraed, o‘.be araéenal is placed in a

u nd t I stribut
noppe RS0 £ RERRATDLE) Fufh 2%, RLRARAAL O ot ¥ st 2
conneckél tdPREdtbE| Regt, AR BinSd mdddHal QN taPelitfall¢ 3hje8d iifrough one or more
achi eved, as well as elimnation of oversized clusters

entry mnda@egz& gao@g acpd@naepn Abemwbeti Hyl In thihmapresc gwssolid mlrtlculate is

w2 10850 BRI R P30 S RRAAR s mipu i

proces‘g\ﬂllhltlﬂgessd @&loﬂ@fﬂlﬂ ih G @n&%ﬂ@p“edtdoﬁijbr@ﬁdn patid haligg a cooled housing
stabilization. In one exanple, the particles

of UDD
32. Tt shapld be &rther netad thah @epﬁgm@qagon chamber 30 is mtersected by a safety slide
valve 36. In addition, in order to provide the liquid material through the entry conduits 28, a

wetting stream pump 38 is provided. After this wetting and pre-mixing process, the material
is directed to a batch tank 40 having an agitator 42. As seen in Fig. 6, the material that
includes larger clusters or larger particulate matter near the top of the batch tank 40 is
removed and re-circulated through conduit 44. In this manner, the mixing/wetting process 12
(and the mixing apparatus 20) initiates “wetting” and mixes the particulate matter, thereby

transforming the material from a solid system to a solid/liquid system.
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must be dispersed to its primary particle size in

order to develop its fullest potential. It is also
w@edwantageous to control the cluster size for BCT/UK1007/067755

range of performance potential. Wth respect to coa

even though it is an inhonbgeneous material, made up
[0051] of Invanoithsy smbodinecns, a¥d asaHberated i Kigj 7, |tha@%1§ma§’veat%mocess 12
ey oS RS0 e Lt e300 TP ROF SR A7 Boftor 2.

particulifeth@ prer@ednghisdother &;&adﬂo&@ﬁﬁ&&daﬁcbsteﬁs&hmusm&drayove are optional,
article size in order to. furthe u 0047] With
and onlpdggdde & bettondnixing sl WeHingd¥sc ﬁ% apY &% e mixing or pre-

Wettmé) af ttfuf E}geilf cf!d 1%&1’[&31'1511 I \Ag%tﬁftﬁl %dnﬁlﬁg lj)hgj thel @’wé{hﬁé’f gm&%%dthat is

system re sone mat eri al
requiredfin éradsforrging tiieemateribbiremaf slidestaotd alsqayliquedi baslerry state. After

he |
o St o gl S o g P sseregation
proces§ P4 SBieied 3o BRSSing @hY 88D actﬁ‘x% HRkS sxgﬁ)h&@lm? ¥Rk ldifgoregation

nd/ or’ dlsper3| ng agent, e.g., hyper ersants, etc.
apparaﬁ]s Hér Ilsym@crgb@iun@n'ﬂ;rﬂteerma'@myomﬁmm @hlgwngab@ad mill

d ch l.s that,. b
that inRiEs B BSpSTR R Mifione SReineghy S lbdfged 'R 8, s
dlsagg}éggﬂi’érﬁ afirdtls UBtigrf Ei‘gﬁ-engﬁﬁ Cglﬁtdrdoeﬁ& Shieimwiadh ds the wetted
of a vari et materials, inclu

matenaiutsmg@l agitator slepft M&g@eg er m@pipmemgﬁl@qanng iand @gactmg forces
upon t@%lt\{'elgtg RIS uxﬂa'eis Sl lorAde %m(t?r ghaft g% %ﬁl‘j}bffse gnergy to the

a nater sso ve sol

gnndlﬂgyﬁeﬂldlﬁ)wm arspecﬁﬁé dendidy, side ayd emgpsimcm NBiuehicrathe agitator shaft
paol ar material, non- pol ar materi al In one

48 persyitsnibe éﬂﬂ@mge@eéiaf 105 i rhipit dhe &PES%F%‘RBEW@P &0 psk ypon e solid

e
[0052]of Thh éoﬁ:;tShﬁp&tedAb)s thd gendieg ginetdlaDSO XeéZEat%ndla@ush the aggregates,

initiall st ed erJ uid s 004 houl.d
agglonpselan aRAIOF KIS AL BTSN 45 et Fhr gL ELing B Gifgber 52,
which rgﬂtg 'upg gm‘aﬁ éh%réﬁa%é?é Siferie/ ARG R0A! §1dalp 8ttt @Scrbt particle

ne I n ances t he COITp ete "wefti ng
populambnt(dmesorrmto@mmmamocthqrccsf)t Ih‘h@u@mﬁmnph:eplmsmbs@ameters including

tempeifigegarieaai nON bl Debisn et insld, JE 48 orogeps, prgpters that

may beadJuW@@.‘iﬂ Bdler # M&%'tﬁé ap B;I‘Shetté adpat Ao of didapEre S En€d material.
froma solid systemto a solid/liquid system this

In thlqomem,ssmalﬁcal&scdmlmdmm&mm wovpled vathhibe sbease apddimpacting
forces g:lrgxﬁﬁeéis 7 de%ﬁéégbed%apa émglfgg ghé dl% %%1519 Q@Lar%hf He, yield a

producﬁ leXBibRINGG rB@(Ided chifer si\ﬂbl dilin poray h@@@céspﬁfﬂmbﬂ&td paithcle population.
separ at i on, augment ed or facilitated by

[0053heﬁnen@@mpﬂme 8a maderigh dhat fhas 62?9%t3i1b1ﬁ°‘6¢ ‘vg Jh? K g{wetting
processoff Ehd 8ls£ébqregc‘a?oﬁt bl%'aessv“?h C@Ex%fexflﬁlgﬁt tAﬁelsS Mdsited in Table 1.

Specifically, Table 1 compares the particle size diameter of the UDD material over the

process cycle time. In addition, the results of this processing of the UDD material is
illustrated in graphical form in Fig. 9.
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may be conbl ned into the m xi ng/ wet t ny process "12. In
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20 that can be used in the m xing/wetting process 12
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[0055] After the mixing/wetting process 12 and disaggregation process 14, the resulting
product may be either a flocculated end product or a simultaneously-dispersed end product.
The final chemistries and physical parameters of the end product will vary according to the

application, and must be determined prior to the stabilization process 16 discussed next.
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is directed to a batch tank 40 having an agitator 42.

As seen in Fig. 6, the material that includes |arger
w@bw3nems4 or | arger particulate matter near theCT/O82001/067755
the batch tank 40 is renoved and re-circul ated through
conduit 44. In this manner, the m xing/wetting process
[0056] 1 2Therndure Meriorisxinampesp phprocesse Hat ican be atsed i webtlizing' at least a

.an I Xes the rticul.ate.matter. .there n .10 NGk
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_illustrated in Fig. 7, the mxing/wetting process 12 i
stabilizgtign presessde am ulifagpmg ligpisrraeassing Stephwhersthg disagaregatrslogaterial
. £ h n a i . [ .

e e Bl 14RO, i bl R U Bing L0 may e
controliids by a8 g tievRow metep pddironiation amd, mintiyg retadcdoding rate, imparted

. better m xing and wetting procedure. In any case, the
amplitydexpl§g or prewetting of the specified material is

op i Lt t U [ 't' r e1d .
0057224, 988k, AWhiic okl 1€ hERkiiGpR 6882 s hih
frequeisdyatibrationsa(apptox ithately 0000 cysles ipey seepad)eto phdduee ittesse cavitation
. ... mxing/wetti rocess 12, th articles and sol ution
in gl (o B SRt LisghagBron [9FhBe0y e Egfter than

energy BRI €5 R el By SH&RRAIBA rﬁﬁ%gt &ﬂ.ﬁ%% pRGsifr® U6 @sesS UBRidaE ?pﬁchations

some di saggr égati on apparat us I n one enbodi nent

for thet hguidirsacrgsing atil dnclagp amalsification,i dispersivy exdiactiqy thelagical cell

dsrap g bpd RSP b PRBEEBH, iy A TB8hhions imvove

removils SRBEHRALAEY) irBpREARIOAS cbnih§ tite i @bscopiercgMtagdhdt®ihdfom hard
bead mll, which grinds the wetted material using

! . X s an
to reachgireastand the\hreeking of Pryséale alese sheiv natwisl Enesnefscledyase.i fygeneral,

and |npacti e ial . . .
o P SRR HRIRL NSRS IR i ppicaions
cannotEsteEdhypléted kiesfptdriigiusigg reddientdalvéduipniens pad infdtltods. However, it
density, size and conposition. Furagher t he .agi t.at.or

is envigieaed thed ape piethod, E¥steny o ARRAREUAERRaRleoY stabildsing Prit dispgeregated
. ' f : t : s ded i

materi AAEEREY Bl AR T Bt BB B BR iRl SDENE N or

[0058]di $pemsi agbaijeatts . ppOES &lppTherahsiooes lilfpenit dide byortehe to high
grinding nmedia 5 r.at and crysh the aggqgregates,

frequeige SHErA S AB K| TN wETmY 5 9 Lol A e et eferred

to as RaDRvidrOWa A bRl i ehgRRe NPy tOCKHY §848hESicAIN vébratory

smal | er aggregat e/aggl onerate/ cl uster size, or an
energyentlihesd yitdatimsedre qoapled cloethpolparhatvhioh remsngtsnthe high frequency
.. ..conmbination.thereof). .The use.of various physical
Vlbra“ﬁ’é?% °8 ,uh%& Iﬁfa_fl%@ ’{‘%ﬂi)ee“raéﬂtﬁqoél; material flow,
[0059]9" ITREl SFbsESERs oRistaBlatiSPEFhrated §4 aliBua@E68Figs. 11 and 12.
parameters that may be adjusted in order to achieve

Furthet,hiése sspabilistiparppaapasdt ¢fofigod | di gagyirasgaici irdigtion apparatus 56.
s Lol S5 SBAEY o RREEL AU SESHABRES o pyer s
module 60. Using the digital controls 62 and amplitude control 64, some amplitude control is
supplied to the power supply module 60. Various entities are capable of providing input to
the digital control 62, including a user 66, a user input/output mechanism 68, a temperature
probe 70 and a remote terminal 72. In addition, the information provided to and processed by
the digital control 62 may be output to a printer 74. In this embodiment, it is this ultrasonic
irradiation apparatus 56 that serves to stabilize the wetted, disaggregated particles, thereby

reducing or eliminating the specified controlling and attractive forces.
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forces provided by the m xi ng apparatus 20 and/or the
di saggregati on apparatus 46, yield a product
wezivh2rsig a reduced cluster size, or in sonePCT/US2007/067755
i nstances, a discrete particle population. [0053] One
exanple of a UDD material that has been subjected to
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attachﬁféﬂUSOVrﬁﬁ)V alk§ &P rsgall&guf 8 clB&1 8RRl ERhdsAF st@ile cBtioReand inhibit
determned prior to the stabilizati ondgrocess 16
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sses th us I n. st abi east a
o s eicsrcepiite G UrpGiE Shatine Broap BRellal cou «
[0061]i NIt RUIEBYGIdtN (12k B istibllRktion pebcesPe6ithiebe implemented in a
controlling attractive forces between the particles.
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cxamolf) 5 A0S o e B 6R58I Rt BRcp LSS (e gused sy e
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the sonic energy introduced to the wetted, disaggregated material.
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removi ng entrapped gases, inpregnation, cleaning the

m croscopi c contam nation fromhard to reach areas and
wo b@7he®aki ng of crystals along their natural PCTHES2001/067755

cl eavage. In general, ultrasonics proves cost

effective as a final treatnment process for use in

applications that cannoTABLE®dnpl et ed sati sfactorily
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[0063] The same example of a UDD material after the stabilization process 16 is illustrated
in Table 4, this time demonstrating the particle size distribution of the sonicated material over
a set process cycle time. These results are illustrated in graphical form in Fig. 13. Further, a

table and graph of the mean size of this sonicated material versus power is illustrated in Fig.

14.

16



solutions may require recirculation until the desired
results are obtained. A continuous flow attachnent 80

woreap7itemorade a cool i ng jacket 82, through whi cPCHUS2007/067755
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[0065] In general, the separation process 18, in the form of the centrifugation process, uses
centrifugal force (g-force) to isolate suspended particles from their surrounding medium on
either a batch or continuous flow basis. There are various applications that effectively use
centrifugation to produce a final product. For example, centrifugation may be used in
connection with the sedimentation of cells and viruses, separation of subcellular organelles,
isolation of macromolecules, such as DNA, RNA, proteins, lipids, as well as the production
of particles composed of carbon and other elements, usually in the form of oxides.

[0066] As known, many particles or cells in a liquid suspension, given time, will
eventually settle at the bottom of a container due to gravity. However, the length of time
required for such separations is impractical. Other particles, extremely small in size, such as
particle sizes targeted for this process, will not separate at all in solution, unless subjected to
high centrifugal force. When a suspended solution is rotated at a certain speed (or

revolutions per minute), centrifugal force causes the particles to move radially away from the
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[0070] When using isopycnic separation, a particle of a particular density will sink dumng
céntrifugatmn until a position is reached where the density of the surrounding solution is
exactly the same as the density of the particle. Once this quasi-equilibrium is reached, the
length of centrifugation does not have any influence upon the migration of the particle. Coal
is made up of a variety of macerals or carbon sources, and includes dissimilar corresponding
densities. A variety of gradient media can be used for isopycnic separations. Two
embodiments of a centrifugation apparatus 84 are illustrated in Figs. 15 and 16. In particular,
Fig. 15 illustrates a continuous flow of rotor assembly 86, and Fig. 16 illustrates a fixed rotor
assembly 88 for use in batch processing.

[0071] Afier the separation process 18, the resulting product is a tailored product useful in

a specialized application. Table 5 illustrates a coal material after this separation process 18.
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required for such separations is inpractical. O her

particles, extrenely small in size, such as particle
wG@eewea219a geted for this process, will not sepBCHUS2081/067755
all in solution, unless subjected to high centrifugal

force. Wien a suspended solution is rotated at a
Table @mptrasentssqaéHID (rmtemaé\ﬂéﬂemthmmarﬁéwnmrme)m deothriablagal and 6

illustrat e?éﬁ%l %gs?z%fdd%tgﬁlt arédﬁpg?%%rﬁ gg{ﬁgvrg 1{1}‘%& {) ‘ﬁ(%dftﬁé’ Rdiment

removede@cB'fﬁQﬁ@ iRalaipld. YThd g"raplﬁbiﬂel@ ﬂe@érﬁdtio‘ﬂe)fﬁﬁd’ﬂ‘ddaf’t@@hpanson is
force For exa RCF of 500 X9 i ndi cat es

illustratedan Fgg1é7cm the Breaghic @pgeéerggmq @fghe SUBDRY qopasison is 111ustrated
in Fig ggeater_than Earth's gravitation force. [0067] There

“are various types of .centrifugal separation processes.

For exanpl e, one separatiABLBrSocess 18 may be

differential nonfrlfnnafnnn ln-this process parat-e

i s achi eved pri@ENTRI MEQN%E@@PZ@ISEN“" .

particles in differential WSCNAN@ti on. This type of

Separattron I s cormpnl )Y used I n Si rrpl e pel letl ng.
PBd[:étﬁIﬂsugﬁdibhl f UOBtatioNts (mRFg! | parti cl eparficéiDis®ibition (micron)

ffastar than snmall §r on¢seanigdd | t Ni ovl des t asl §
Sze floi0 ght aPPfthg cYEHSHUPY st Flns LIS o e 22

<75% | <80% | <95%

<99%

wecGertrii fugati on. [0068] Anot her ty
NANOJj | Soluplerif @RPY0R@NI3.Pkq | 345 || By Ci3E3042o) 1

tion

.0210 | .0170 | 0154

.0138

oG SRR lishdbaatbQn | ol n%do“ Q1EH €NRfss € [ bobdllg abol 06390'

So2dd NN @200 | .0178

.0155

preferred nethod to purify subcellular organelles and

macr onol ecul es. Density [ents can be generated by
pl aci ng | ayer after | aye'?‘{]gﬁbgé]adi ent media, such as

ngltr gfneenijnt ﬁe FI gm es(?AFmN teﬁlgtop | ﬁt eit?ﬁer a

di-scont i-pnuous—or—conti-nuous ”Ude\_ Fhe—cell—fraection
Ptr;q%ya %,‘E [ated étashsgcs?clgr%n)on the to}?{a(% Iebﬂﬁaﬁbut Xﬁrﬁ;ct&ﬁd
TACIaN eSSt Bae it Separatrtoi—gan
Size ‘|l§§_;J_f_LEQ#I nf - OMed tmnru et | Ral<id] m5 r<st =s79/ Po | <85% | <99%

uDD %E.E e) uod BPRERT | 213 |aRg i S08Y G Rk | doEBSiel a6} |SQRAT0R 0B 00100 | 0o

[ :JLD Rat e- zohal [separation takes ladvant age of
UDD _l Saipble | LD 127.05@ak sed L0231 | 009 [ 1495205 | o288k | 00316 6%?‘6 0,0191 | 2.0155 [ 0,0128 |,0.0110 | 0.0102 | ©.0089

artTrCrtc— ST 2T MLV U Ul I T uctiorty,

for sedinentation. For instance, UNCD, including
simlar materials and coal parti cle classes, all have

0072125 PSP, B 60 B B e et

Spec1ff€:laﬁyli S@Ss sHARHQRMakeRAMMy B aﬁﬂ?@éﬂi ER0Me dREhée oMal parameter, a
be abl'e to resol ve these classes. Certain types of

5pe<:1ﬁpd>tm@ndme mheraetpmﬂcwblseemﬁﬁd chiractesie, ¢f ph dargpeter, a
e B FAE 8P ED M5B SRR REREPAGRct prict
size, particle size distribution, etc. Further, this analysis may be implemented or performed
using a disk centrifuge photo, sedimentometer, a transmission electron microscope, etc.

[0073] In one embodiment, the resultant material is analyzed and/or verified using a disc
centrifuge photo sedimentometer, which provides high resolution and accurate results, even
with non-ideal samples that completely mislead other particle sizing methods. Even very
narrow peaks that differ by as little as 3% can be completely separated, while narrow peaks
that differ by as little as 2% can be partly separated. Accordingly, the disc centrifuge photo
sedimentometer may be particularly useful in analyzing and verifying the final results prior to

provision to the end user. As is known, all analyses are run against a known calibration
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centrifugation until a position is reached where the
density of the surrounding solution is exactly the
W@ 2002/120974 he density of the particle. Once thiBCT/US2007/067755
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s zing net Even very peaks t hat
beammilésfs&haxb(ylﬁs\/l ittl e as 3% can be conpl etely separated,

ooreh b Qu Pesks Lhate il ec 2 LELLS BRpPAERD: o e

in speBRRY Applications. The nuxmg/wettmg process 12 is used to wet the material and

otherwise transform the solid system to a liquid system, and the disaggregation process 14 is
used to separate the larger clusters into smaller clusters and/or discrete particles. The
stabilization process 16 is used to overcome or reduce the attractive forces between the
resultant small clusters or discrete particles. Finally, the optional separation process 18 is
used to provide a specifically-tailored material, such as a material exhibiting a very specific
particle size distribution or range. Therefore, the present invention provides a method,
system and apparatus that obtains this clustered or agglomerated material and provides a

refined and usable end product that meets a specific need.
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sedi mentonmeter may be particularly useful in analyzing
and verifying the final results prior to provision to
wao b@7aemd7aser. As is known, all anal yses are rR@I/US2007/067755

agai nst a known cal i brationstandard, such that high

accuracy is assured. Calibration may be either ) _
[0077] exAlthowzgh the ahventien hes bednadrdenilobd inj detdiktbr bhd purposchef illustration

unkpown) or jnternal .(calibration standard mxed w th .
based QshehR FEFALY PUHREER ' DB RSB TGP AU ateed satgfippats, i
is to b&RN&NEBHA Mhat ShANdatll i Sol8RO: tHat-p1Ppda¥0oan@afht the invention is not

confidence), and better than +/- 0.25% w th an

limited; tn ey dia¢lossd ndhedimentie but, eattee eantrgrp s ntranded trecoygnplodifications

roduced virtually dupli.cate results |n I .
and eqpisgioth S rapermetS thghafy o Psuipide Bopd'o g ab R claims. For
exampReat et MBiRistoRVeat éle Frefendidventod icustesplandsethuitghlie extent

_the data provided by this_device provides an accurate
possiblgaene) ax|neors ifeaiirgs of anysmbogiment igan by gripbiged Bethiong or merg features
ofanyéﬁkrgﬁﬁ&ﬁﬁkﬁénp'?s.iS wel | below 10 gram such that

even trace quantities of many kinds of particles can
be detected. This high sensitivity allows accurate
anal ysi s of mcrogram sanples on a routine basis.

[ 0075] Anot her nmethod of anal yzing the resultant
product is the use of a transm ssion el ectron

m croscope. Transm ssion el ectronm croscopy (TEM is
an i magi ng techni que whereby a beam of electrons is
transmtted through a specinen, then an inage is
formed, magnified and directed to appear either on a
fluorescent screen or a |ayer of photographic film or
to be directed by a sensor such as a CCD caner a.

Anot her type of TEMis the scanning transm ssion

el ectronm croscope (STEM, where the beam can be
rastered across the sanple to formthe inage. In

anal ytical TEMs, the elenental conposition of the
speci men can be determ ned by analyzing its X-ray
spectrum or the energy-loss spectrum of the
transmtted el ectrons. Modern research TEMs may

i nclude aberration correctors to reduce the anmount of
distortion in the inmage, allow ng information on
features on the scale of 0.1 nmto be obtained, and
resol uti ons down to 0.08 nm have been denonstr at ed.
Monochromat ors nmay al so be used which reduce the
energy spread of the incident electron beamto |ess
than 0.15 eV. [0076] In this manner, a useful and
refined material can be provided to the end user for
use in specialty applications. The m xi ng/ wetting
process 12 is used to wet the material and otherw se
transformthe solid systemto a |iquid system and the
di saggregati on process 14 is
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used to separate the larger clusters into smaller
clusters and/or discrete particles. The stabilization
wWEe@ecas®746 is used to overcone or reduce the PCT/US2007/067755
attractive forces between the resultant small clusters
or discrete particles. Finally, the optiona
THE IS¥BHTAONGOLAIMERSIS 18 is used to provide a

specificaglly-tailored material, suc s a. mteri.al
o bi'e | A e o Sepeci R B cOuRS SR auPRlfy pf gustered
particl@loffaape@fied MafeBhD tOmptifiggPr esent invention provides a
met hod, system and apparatus that obtains this
cl ust dpeinivatinggdieonwetting «f ateleast iaaportiad ¢fr boiRjemlify of clustered
articlrefined and usabl e end product that neets a specific ~
PartiCifYaed. [ 0077] Al though the invention has been descri bed
i n det®) |didagsrepftehgpur Dese aOportibh Ust thet wetteb abadlitgnof clustered
_what is_currently consjdered to be the npst practical _
particlesnintqy pedisaegrgaedypaichaneQnprsing & Rlyrally ohgealderoglustetgaliscrete
. Wk Yarfi0r that purpose and that the
pamd?qsn%\%teaﬁ i%é%bilnghﬁ%ﬁj%h%%atngd to the disclosed enbodi nents,
but, o) ttheilicmptat dcagt a ipsrtiont efitle disaggregated material by reducing or
. . nhpdifications and equivalent arrangenments that are
elumangrﬁpﬁm?iﬁ%c%rg{ ' ga&%&‘"‘%’@éﬁr@%f t he appended cl ai ns.
For exanple, it is to be understood that the present
i nvention contenplates that, to the extent possible,
one or2.nofle fettodr ef clafmahy fizthen diomprising adisthibutngrithe) sthstered
. .Wth one or nore features of any.other . enbodi nent. THE
particle\gENFUEhP YR {:995‘3?3% 4t o3zt ppg ﬁ%‘{\id S@har at i ng at
| east one cluster of a plurality of clustered
particles of a specified material, conprising: (a) .
i ni tiati nihet methadtafi elginp2, avhereimdhe diqyut magasiabicompases a base
lurality of ..clustere articles; -di '
solvenf WA o e R O oREARL Focdl s RGP PRI, o hyper
dispersaht!SieérRd, Pakhirglsas rhattfal adpslaggiangal, ed noBipelar ahaterial or any
conmprising a plurality of smaller clusters, discrete
Comblpﬁmit@fé@fgor any conbi nation thereof; and (c)
stabilizing at |least a portion of the disaggregated
mat eri al by reducing or elimnating specified
cont r of.| Thegmathod af tlaite 1{ frthes cordprishigemishdtid phfiralityadfielustered
.1, further conprising distributing the clustered
particlgyingg BIXEE PIRCESS| j qui d system formed of at |east one
liquid material. 3. The method of claim2, wherein the
liquid material conprises a base solvent, water, oil
a wet t5.nThagettod &f diaispérslzantinaentixing preress iis alacwfm mixing, an

. .dissolved solids, a h%re:)ergi sper sant
agitation process or any combination thereor.

6. The method of claim 4, wherein the mixing step comprises mixing the
plurality of clustered particles during the initiating step (a), the disaggregating step (b), the

stabilizing step (c) or any combination thereof.
7. The method of claim 1, wherein the disaggregating step (b) comprises a.

milling process, a shearing process, an impact process, an agitation process or any

combination thereof.
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material, a synergistic material, a polar material, a
non-polar material or any conbination thereof. 4. The
woredonoerood cl aim 1, further conprising m xing PEEUS2007/067755

plurality of clustered particles in a m xing process.

5. The nethod of claim4, wherein the m xi ng process

i s vaduuFhermsthod of dainadi whereiorthe disegaregating step (b) is implemented

. Ckﬁghbi nation tth regf .116. _The method of claim4, wherein

using aligh-gacrey geitgtor bead mill abparatds. "ot he plural ity of

clustered particles during the initiating step (a),

t he di saggregating step (b), the stabi.ljzing step (c) .

or any- cdmbi methpdpft Haipeds whereirile giabligingoster (@) penpprises an

wher ei i gk: [ : '
utrasoff2 ol Coro i SRADEFARY 19, 2580 13h of BPdTRaron thercot

process, an agitation process or any conbi nation

t hereof . 8. The nethod of c¢claim1, wherein the, .

(i Sagleg THF MO 5 PRSI heMIGIE US: Highlizing step (o), the
. i gh [ jt e y | Q.
cisseiYefila TRELA, BN Hlych BT oo RPOBRRRER Fea Sl groa o amy
combiiemiopthesesf. an ul trasonic |iquid processing step,

dilution step, mxing step or any conbi nati on thereof.

10. The method of claim9, wherein, during the

st abi l11zi Pge §eBRA(SD olaik'8, FhSRBOME Ak AAnTERtREd @focl:%ing step is

re-circul ated, mxed, cooled, processed in a sealed |

controbgdedyovargimg Howbiatet jeomculitinme pfte, Mixing heateetonbuog gate, imparted
.claim9, erein.the_ultrasonic liquid processing step

ampht?‘ie (EWFB%%I%E’&E BIFSi ng flow rate, recircul ation

rate, mxing rate, cooling rate, inparted anplitude or

any conbi nation thereof. 12. The nethod of claim9, )

wher ei ¥2- t e olethodsefntleint Powhercpr Be adsasagicsliaapd processing step is
. L mpl enent ed usi.n ' . j I [.on :
mplenp B € A5 ec . 53 o B RSP RLCH MRl SRS an uitrasonie
hradiaﬂ@@@ﬁﬁpﬁiétﬁs & andtynbiibon terewt. t hereof . 13. The net hod

of claiml1, further conprising separating at |east a

portion of the wetted, disaggregated and stabilized -

T ee A T Befba 0P efiim N RurtRE EorhhEdn 8iphiathE aBicA& a portion of
the wetted, disaggregated and stabilized material into at least one specified particle size

range.

14. The method of claim 13, wherein the separating step is a centrifugal

separation process.

15. The method of claim 14, wherein the centrifugal process is a differential
centrifugation process, a density gradient centrifugation process, a rate-zonal separation

process, an isopycnic separation process or any combination thereof.

16. The method of claim 13, further comprising analyzing at least a portion of

the separated material.

" 17. The method of claim 16, wherein the separated material is analyzed for

the presence of a parameter, a specified parameter, a characteristic, a specified characteristic,
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14. The nmethod of claim 13, wherein the separating
step is a centrifugal separation process. 15. The
woredohozionf cl ai m 14, wherein the centrifugal pPODESROT/667755
a differential centrifugation process, a density
gradi ent centrifugation process, a rate-zona
a physweb prramietsy, pr speeifisd Idwsncsbpgr@me@r,sep&nemraé) PapreRiers ¢ gpecified

nbi nat th
o B o
separated material. 17. The nethod of cl ai m 16,

wherein the separated material is analyzed for th
pr eser8e Tk methed efsltiay 16, avheprie the anglysisrsigpds éTFlPleﬁlemed using a

disc c%%t?x G erho’?‘ot | é:e’dm‘:’t‘enfst %’exf | gd ﬁéﬁ%ﬁﬂ&{)ﬁ” Hrg‘n %X&bgg: or any

I, a Speci physica arane
cogmugﬁb@ﬂﬁ*aﬁ; a specified chem cal paraneter, partlcle
size, particle size distribution or any conbi nation
t hereof. 18. The nethod of claim 16, wherein the

anal yss SHEP nlcthddTBF IR 99 MRhOO cBmBlisife CERNATNER wetted,

phot o Sedinentoneter, a transm ssion el ectron
disaggﬁga:ted)a@d)stabmzechmytenaﬂnbl nation thereof. 19. The nethod

of claim1, further conprising analyzing the wetted,

di saggregated and stabilized material. 20. The nethod

of cl gigm Fpe WIGK& Bf Eﬁﬁnslpeﬁhéréﬁdthg%b&ﬁﬁ@d maferfil is a powdered
powdered naterial, an oxide, a single-netal oxide,

matenaiola:pl @videred ainghocindta] cmdfoatoewquamtabloendmlat cealed mert@&;l ultra-

B T SR T —

anthradHeC EQUIBS ﬁxﬁcrﬁiné&@l-sﬁg& SHatetal, adnanefRRisRed Mat@thl BREGY td@hbination
or any conbi nation ther eof. 21. A system for

thereofsepar ati ng at | east one cluster of a plurality of
clustered particles of a specified materi al,
conprising: neans for initiating the wetting of at
| east A.par byststn @br sdperapihpradliedsy oné chistes tofraeplurality of clustered
particles; neans for disaggregating at |east a portion
particlesfofarfpesified Btgsial caMPEFngT ¢l ustered particles into a

ot | apeaR, B JHRREL dhe SOTRAL BT, Ball ¥ of the plucality of
clustered platioletj on t her eof, and

means for disaggregating at least portion of the wetted plurality of clustered
particles into a disaggregated material comprising a plurality of smaller clusters, discrete
particles or any combination thereof; and

means f()f stabilizing at least a portion of the disaggregated material by

reducing, eliminating or replacing specified controlling attractive forces.

22. An apparatus for separating at least one cluster of a plurality of clustered
particles of a specified material, comprising:

a mixing device configured to receive and mix the specified material and at
least one liquid material, thereby providing a mixed material comprising a plurality of at least
partially wetted, clustered particles;

a disaggregation device configured to receive and disaggregate at least a

portion of the mixed material, thereby providing a disaggregated material; and
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means for stabilizing at |east a portion of the
di saggregated material by reducing, elimnating or
wo ephaziomg specified controlling attracti ve f oPCEES2082067755
An apparatus for separating at |east one cluster of a
plurality of clustered particles of a specified )
mat er iaaftabibzationi deivieg:configiredl tey reteirMecad ctabilizguatdepst @ portion of
. recei and.m x the specified material and at | east
ﬁwd”ﬁﬁ%?%%%UP%Bﬁglerial, t hereby providing a m xed
material conprising a plurality of at |least partially
wetted, clustered particles; a disaggregation device .
conf i gdr eldherapppratisof slaimd 2d vharsdt by Jpging devicgds a yacuum mixer,
EL ' terial, thereby providing a
abmﬁ%ﬁ1%%§$gggpégﬁmg%érlgﬁﬁugéggtstabiIization devi ce
configured to receive and stabilize at | east a portion
of the disaggregated material, 23. The apparatus of )
cl ai m22, Thihapraraiug pleclink AgWheRsitceidisageieg §¥iGEes 2 high-
Lf@ation tank or any conbi nation thereof. 24.
energy%ﬁgﬁggg%@%%g of claim 22, wherein the di saggregation
device is a highenergy agitator bead mll. 25. The
apparatus of claim 22, erein the stabili zation ..
doui e e GRPRAB.AL IS Plc IMIGHA, o gl Fa0gnfgvice is o
contim@RR M GWHSoircRlhtish L HIBEQME appdrAds abh QrARRRS AtddSatioR apparatus, a
m xi ng apparatus or any conbi nation thereof.
mixing apparatus or any combination thereof.
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