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through development of composite particulate materials. Such materials include formation of
aggregates, which can be formed through slurry processing pathways that include removal of the liquid
carrier through volatilization or evaporation, leaving behind green agglomerates, followed by high

temperature treatment (i.e., firing) to form usable, fired agglomerates.
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In contrast to the conventional multi-step procedure,
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duration. Here, it is noted that it is |likely not just
tenperature al one, but also dwell tine which would be
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co %@c? a{n& 116 P &QH« tpﬁhe Igﬂreg Iaxlyéf at’a %X%Hﬁlrature gf ag(ﬁpﬂtd e Thé\@ﬁeg
specifica In testing of dianond/colloidal silica
co mnaaranxrewgtheaggrdéfgarse@asurwéw\?bavt 1BFCpihagey Erigerfad a

NO kubidn@|ly ereg@ttie waer frmp@aciixtureldnehqtmaning ©mpemts had ggrved to

Mevdd @ﬂowdeﬁdf SRE, Kg(snlargg roRdd aégngatea hﬁ@a‘éérééﬁes gbduted wirdollected for
S u %Plgms w1t92930u9 gO /S of Hle %ﬁlcles%glmcolépeq l‘)JcIJ c;cﬁﬁe u‘ﬁpa%d about 50 %

urtng processin on s
p LR AR R e %am%ﬁusc s
di stuirdsuformdhe ajffreates-t he pl asticizer is renoved fromthe
slurry conposition, the resultant aggregates at first
appear #d agaedategicfefamaniunderamghifioatieh andobpgivegite be foggredef p phase of
st kig ghdpardidRk anbPEECb UG withpANE MBI the dilpod caleTHe @yipaRdE ofithat O
152N , ARLAS]Y Sealf @A YSEhou FRGHNE AGofseSUl ts were poor, with
observed aggregate failure. Wthout wi shing to be
boggg%g¥3any particular theory, it is believed that
the plasticizer enable the fornmation of a nore

struct }(I L al l yf ﬁne rgsg/e %grgggtgs%ﬁxgﬂg dQl}{ ErBft g&hﬁﬁe@ Mﬂgﬂl&l E_rﬂ)pamcles

di spersfon i B
t h&saH4rd Q&{ﬂeeﬁ’”"‘rlﬁg “8?8’?1“( /?‘\éé‘t““ & ?‘rdﬁ‘af 5&5?‘%}‘ " @E%I?E% 2@ §) was
ab gee with filieart chrbifle2ay(NG2A100 ayeilallls fipm ff 2kt Ahrppiees. - ofyfoforogapan)
20 Ohd¥ing(g) a@rappatlicledibedas wifrors, RiengsaQigs reig@ityiene gigdd PHETI 200 Plasticizer
f alliUs&i MR, AR BhGaks et mls iRIibigk RE/SSUr es. The
uni formdistribution of aggregates can easily be seen
in Fig. 8 which is an exanple that was exposed to TGA
descr|b_ed_abn\/n showi ng di-ampnd—oarit—burnout—due -t 0
hi gh tfBBPSt ure volatilizat BHS RS 0 4 ar eas shown
i n Fi g.Silgonjcdrhiqgstitr at e di anond| §rit positions. It is
al so nainenkit hatsiithe materi al | 19eft behi nd, heat treated
nanopargsggjpe binder, ctearty{@rms a seff supporting,
cont i nuous—pat rix—OF coursei-hrthehightenrperatyre
form sHSRH“f Wi g. 8, the par%lculate nature of the
bi nder has been | ost due to grain growh and
sintering. A further advantage may be found in the
sur pr i B rgedensabrt hirqughhofixed bsingisliish ghsar priget ¢ pfoyigapupifpan aqueous
25a0gkegaingsng abutbdresopis@sert di scl osure. Abrasives
typically wear down and gradually | ose their
ef fectiveness in renoving st8ock material froma
surface being polished or finished with the abrasive.
Abr asi ves incorporating the aggregates of the present
di scl osure, however, have been observed to have
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significantly inproved durability as conpared to
conventional abrasives materials. Wen used in

wa@eovpastabd e applications, a.brasives incorpor a¢nygsS1i0ng051785
aggregates of the present disclosure have been
observed to retain their effectiveness for nore than
tw ce asmxARYadEn @famlemlhgmaime abs amd 9¢ﬁy aet efeimadug,waand
ppg%tg(?ed tlccgmto t%%lr?lqaft n}?&g drgera ltCF%C%I‘C ofggoeun? I SI gtécbr e are
i | keonstapueztost spray dfmm@h@nsurd@t fiatjoutil i °€ Hine fpaY dromsipregpss
NO Rpdtdlially ErEbv X WRd: 88n thd di@SSHd 1B rih@mial & Rpohdid veadb@tled to

st enpel %%Mérq%ﬁnaﬁl oS RLRS SR ol eBh &@ﬁs el %grbgams waRd

>concertrat| ons car ercen
UG R T
ag Gying pelteetad fprxihdvinErying o the epyoe dryer pparafup. i feter Sigtpripeor h"atmg was
aggneent B, thengtepttti.Ng di anond grit conbined with silica
nanoparticles was produced by the foll ow ng nethod. An
aqueOoUshe 6@ledad Vit lexamintdiufiar magisicaiibnaathbiatvddin bel foarrdetd pige ot

10h a\alx idd gan(ﬂ;ﬁilc@eygl[l A folid \1/1@1 lp§t1 .ﬁi of fie sQ{conl‘art;:de gﬂlt Ctre El@rage &beQn g

with a e I PEG 200 plasticizer and
dei"6 ‘&‘%b?eégﬁ/’“ﬁ"r°a9°“%§m€r8‘§ssol used was BI NDZI L 2040,

avai | abl e fromEka Chemcals Inc. of Marietta,

GeBW%E which is believed to be aqueous coll oi dal

silica solution was used havi ng about 40% Si I [ c% (

) by weigRmPis2 e of ligynprpileandsiies agerceatp pradyest s dos ?du'h

an &xamplprebere. spsabriet! ind bajdegytel2 gybstriy Juerde1 @ appfmeagsrmarfpméqw@e
15We EuBstrie, X &etin $lury R fifsQpkebDintiging WOAg ety owdeh @ palyesrprestie AITEL

WeER1 &vm%l%giﬂ)sﬁk EBE X% EFaubdds r‘]f@sc@mk}' aglassﬁiﬂlﬁgad'genmx Rthyl oyl

pr c\t/oI cd s%lve%t (zli'{ll;lllable &yr%%u@cmlca% Qr%%%i’ Qel&%vﬂeg}qgflvggagﬁ{& 20 %

sol'i ds ure was then spray dr

usifOH‘Q"”ﬁa‘MuP% SD6. 3 rotary atonizer spray dryer with an

FF-1 atom zer available fromN ro, Inc. of Colunbia,

Mar yl alf@mpokdd€ M xture was heatoedsanswked i nto the

i nl et “‘mcén‘énbie PRI yer—at—ggieenperat ure of —about| 342
O0C. The_out efperature o the spray drynr Was

neasuré)dly?‘ﬁrr‘?i‘é about 152 0 C *“The spray drying progess
subst arfirasdibking agewroved t he wat®?® fromthe m xture and
t he I eTREKEbIG: conponents wer g7sobserved to form a
sopowder —of—sma-—generaty-round—aggregates which re
coll ected for analysis. About 85 % of the aggregate

particle eg'omvﬁogﬁ,@)w%s me@&tos olpfo %Jaganﬁwlﬁffmgm QRg, unit

and abou vvere collecte romthhe main drying of

the S p/K of‘M\)ﬁgﬁ ?‘f)ﬁy%‘s ef lfsr'and HO (ahz}ﬁgb'iel?s Dlﬁ’lmg)l vgg dsé?igs tfPer

heati ng wa regat es.

ag @%bsé‘@‘%tTé%ﬁ“U\%‘F é‘h‘é‘%‘éfﬁfﬁ@’ﬂf lﬁ"rf&"@?g Offﬁedﬁ'ir’f TRRP SR th&waﬂ surface

obsfalrevidelratt Himlpengf blpdaeoeting fysten. p?h:a'@ewa@ fdvangefl fhgoygh the blade coating
25 n a RQIBA: § aiEbr@GreaomiRiEGnaa@ Ry Wactoard bt ypatbttiae figst dittihe

nggofggoh LmidNe average size of the aggregates
ted fromthe cyclone was neasured to be about 20

m Cro n/§s theIJlt%d s% &T@aqe%ggd t§é b?a%bcgater thpﬁm @vggﬁvgrg@ttlﬁcﬁghcz@&le%(; ed

from EEntzTrlIcallcngth of the he lgng sectlon wS\m the umt was agout 37 éet anrythls heapng section

was maintained at a temperature of about 340 °C. The coated will was advanced in the heating unit at

30 a speed of 40 feet per minute. As the coated {ilm passed through the heating unit, the resin in the shurry
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A powder of fine abrasive aggregates including di anond
grit conbined with silica nanoparticles was produced
wyooshe198D! | owi ng net hod. An aqueous col | oi dal PET/UEIME8/051785

solution (BINDZIL 2040) was m xed with dianond grit

havi ng an average particle size of 1.0 mcrons, along

W tuldergenpatoystidkingy (i@ rveinglyleagiiva | UppiREa@)s t2 G@ting hrégtshis reactipevasand

d e k@ RinFaB oMk the iR p&ONRANSRISly YWRlcBto B 3:6:6atd fMn bhe
oLrLS%\M(CQ% .anmount s: The conponents were thoroughly m xed

using a |gh shear m xer to prow de a unifopn aqueous

di 5 i d
I’T: )S(‘F:)E{ @1' anshel?ita%%%ge boncp au subatra?e g‘l was en al?ow?ﬁi 0 c%%n% Ehﬁﬁa}m %vgs cut

55 p iy PRPNPEAL abratiredisgi Tt L o8 B RO PHEE Fhe
i Nt a Ghhr prifdomstprrimtyumeltt frerMaiit Fedgralt e Brpvérengs. Bhogd Islathio gder 84 2
0Cetchh 112 ttugniths vhIQMREHTak kbFadve@isc. triv@ousiadsaiudiay Bdasulb@s® be 5.85
measured to be about 170 OC. The spray drying process
suB$t%ntial |y removed the water fromthe mixture and
t he_renmai ni ng conponents were observed to forma
poti&¥*Ef smal |, generally round aggregates. The
aggregat es pr oduced were col l ected for anal ysis with
about BEvisgrERe ¢ FREINGEP FOERREs AP tYITEET 8d™ T 1885 he
dr yewere fisl fiohes univier maddioaldeund S0andsilfsedcerepatesat desdedid fr om
t hexafBt Mubsle. Yindi@eofwad Jb&vcﬁrﬁxfa&yroﬁ Elyoerrcar&ﬁkﬂﬁfsaﬁ:dhsgregm produced
f Ul; dggrbed%{ gn?lpqe 33GveO J?&lqg épﬂgthy\@éeggt%w&cf t@ge %Qtn;tcoar&ﬁhraéqe

g«?%'g?pregﬁed mclagr%ﬁhge? V%Ega Bo%ers %pog]es{c]:rd'esm?avallebleﬁrom BOStﬂ%
155| e e BV FaFiRs TR B A wsshikide BEng B SHeldetr iOH%%Yat‘ﬁble frs
of Qtahe Cigi Cannalgl Ingrof RhiladeTiihie, Peppyival in ¢ fglowind ampines:
aggre ajogg,néﬂ@s msasur ed to bemadaplhlﬁnxﬁrb t o about 45
m cr onss=—EXANMP poweet f -he—abtastve
aggre ;thtg%w\;a;bﬁ%f %(?{ atr?% riil anmond nr?t comhined with sillica
nanopartd™eMaE4E produced b 5Che fol | ow ng net hod.| An
aqueousi’olmsderlr@mdal silica sol ug%i on (BI NDZIL 2040) was
m Xed [V dsiing ghgc,gon car bi de gred (NGC 2500, availablle
f r om Napke-Abrastvess—Hne—of sTokyo,—Japan)—havingan
aver age nar}/l cle size of 8 mcrons, al ong with a
pol yet hyI ene glycol (PEG 200 plasticizer and
dei oni zed water. The conponents were m xed in the
f ol | owl'hepmarstiiegrixdhadE RSETTE L {8 rh TS oI v
m xed using a high shear m xer to provide a unifopn
aqueouslP IEAR TonA prirseniinafe ies ved sty ety g ffim had 2
20Wa theknesd br@boliri3 Xl r Acomipesof théwimy 849 rrgled @ithe apgler sisficn of te Fudstrgaiie
N (e pglﬁ@&taﬁ@@ﬂl e Yl was alitk8cedthbdehih ol MRSt iR AR el s aRdr K ed

inlet. of t o of
B i T

dr #& was neasured to be about 132 OC. The spr ay

drying process substanti al I% removed, t he water I C!:n

t he m ActhFaietHd et by M GRYBAYAEY Rea” ‘8‘5’%5 ved
25t Ohehipe pit T hplenet efithe beating pretlon Withigéhn ertitatpy 2houi3d (e end g dpabgariees.

Ag Qéé:mal;lrtél%d QQ HH ?ﬁtugfof at)cnﬁdf(ﬁglg r"[ﬁfg:@a‘ie@ %111”@5&1@/21&&1' 1rl tﬁ‘c%ta@@ u}M at h
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dr 9%’?6(1 gfgaéé P]egmlﬂlﬁe fi)r a totaqheeff‘xkl)gglmf (pfela)nt%n/o mmu es. 9\3 t%éj cogterd(grn Jge%

through the heating unit, the resin in the slurry underwent a crosslinking (i.e. curing) reaction. Upon
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being collected fromthe main drying of the spray
dryer apparatus. No further sintering or heating was
wo egpgioviwe t o form t he aggregates. The aggr egat BST/UE20688/051785
exam ned under magnification and observed to be forned
of a phase of silica nanoparticles and PEG conbi ned
W ERinp@é fedti6d B th@feadiiiBrvaSailsiafGin cEpkDintl Be GErghtes wii Eibstantially

aV %&&9 % tfé Istﬁ)&ratglflhn%)htﬁe cﬂ)&grﬁ«%g@t’x €S was mneasur ed to be

bout 4 m crons. In this exanple, a powder
Of si | Igsh&iaa%?el ate- lfogcp (gsubs rate ﬁ?m wa?@cgl 1%9,9& cgol Ql{d%grgacf‘tg q/a §t
descri coat

a §‘Ej’b‘§‘t‘”ia‘53t qfabrapiye d&?SdB’F supfage %‘i‘tf‘ﬂfl {n ftﬁaéweai’@@ﬁa Bt eﬁéwcéfeﬁ to
5t hesirg a Mgt prefii@ncteransipgat inpger ©ldeirnige thgayehfigsyvalte (R eftha pheegive

I nGiLcugﬁeQ(g I&Qﬁal@t%glﬁeg.@xte@to &qm%lorong pol yester resin

(VI TEL 3301 avail abl e from Bost i k, Inc. of Wauwat os,

W sconsizn), a crosslinking agent, and methyl ethyl
ketone solvent (available from Quaker Gty Chenicals,

I nc. OL P f%geeaL Stlye %Frﬁgatgs uQI'cﬁy llg\{iﬁlgllll\%‘) oxxderErJ }ng wrthgxl sIhQA\Map g

armunts onpos or der er ovid

a Sodyet Bt f%‘l‘ ‘Y‘V TS YN ‘UF"P‘S?‘ S‘Fﬁakvésr“?‘“%\w‘?‘é‘lu‘f““‘ﬂ’f" ’RM%\R
10Ty preingenplageastidrsiziyf BHdhicond. sang withapdlvhylese fyoe) REGLPPOIEIcizer

Wagnd US@H:daGtert TR sifdd SitsédabsBINDENE20£0] dvimdradn akalchintdkines sf of

3 Maxlle§a GéAr &%I!ﬂll 19&1169& t(hp ﬁlue%llslc!gllBMal M‘@e?’soﬁtp)g Lvﬁs%gd ltaQngtaHﬁt 40%

C O 1oa glotﬂ bp S?ge% a sﬂxﬁ,l)ar??lc srze 0% abouq E(ﬁ and mas stfitﬂged pHIQ| ?%telo The

M was advanced rou
bl aﬁteonc:@a&leuemgederttmfwllowngaimmt*rate of 40 feet per mnute
1s5and t he sI urry vvas coated onto the substrate film at

an ini Ldoﬁbonel.nfll ckness—of—abot Poﬁnd§'1hlnRture"‘° the—coateg
substriate exi.ted the blade cpater the filmwas

advanced"t Hi§§dh an ext ended| fleating unit. The |ength
of t hel HingAl 19¢P stienceli on wi t hi pé%t he unit was about 37
feet amicth S heati ng secti omsvas nmai ntained at a
t enper gi e ofabotut 346 0€Fecoated—w t+—was
advancled e heating unitlat a speed of 40 feet!per
m nute. As the coated fil mpassed through the heating
unit, the resin in the slurryunderwent a crosslinking
(i.e. Bafmpygsspeatergy ml{%ﬁﬁg BER 1% e e s tﬁ@f‘%ﬁﬁ?t
t hugformeqedus drpersinas subst antially conpl ete and the
aggregates were substantially bonded to the substrate
fil m bihe mhere @rsossipiayrkietisingais isame Nifdheand spry dolare @he mixture was
2089 Et%gaﬁ& dlﬁc?tﬂeqﬁgoﬁﬂé QR4 E@Jrﬁdfehqﬁe%}é@{%b&hﬁdbcaHhQWﬁéﬂ to
(ofe]0) ereafter was’ cut mtoapurallty of
abreaseravde offhespray dryefyes megspridachs aygyt &A0i°F-o The Frray AryiagFosssy ve
di ssts@anmpEevates witd @an temattyzedtheugiainigs @mivienis were observed to
pr @)f‘rlllil \mﬁ;o@gmail @ecn@r{ll'y' %ﬁﬂﬁggfcéaﬁmﬁb@hﬁ pch_lﬁﬂ et bhgglefi@s wefcollected

Pr g nh ec cq:ond secitlon dgr?]&L fﬁ! h%w?%n e ]L;Q @rgler Epgaraqg LRS ﬂ?th@r%m{exnlg or

roug rasive disc.

ro‘BF@tH‘ﬁ&Séeq‘{}réqt&fé’W§ggﬁéa§§ur ed to be 5.85 ni cr ons.
EXAMPLE 5

The aggregates were examined under magnification and observed to be formed of a phase of

silica and PEG with particles of the aluminum oxide grit imbedded thereon. The average size of the
aggregates was measured using a Microtrack size distribution analysis, using both wet and dry sample

methods. The average size was measured to be 17.08 microns by the wet sample method and 19.12



In this exanple, a lapping filmsubstrate was coated

Wi th a conbination of two aggregate powders. The first
wor@saspenwder made from di anond grit and sili CBCT/US2008/051785
aggregates as described in Exanple 1 above. The second

was . a powder de fromsilicon carpjde and silica .

o giaul bt 06 s PRl st et e

| nvesrldeveist esreegppl v t he aggregate powder to the
substrate, a coating slurry was first prepared

i nEK&MdFLEG t he two aggregate powders, a polyester resin
(avail able from Bosti k, Inc. of Wauwatos, W sconsin),
a Cr 0S4 bdwdik pfifige abrgremtggregaiprdnchritehaliniment o erikheld withén sdied wpent
5( a\ﬁl@dul:eaw 18 fS16vRE rQUAIK QT aquedut dp11ddaIeITEa Gadtign, (BINDEIL 2@0) was mixed

?E lwltl?ag %Lrﬂ&kﬂ%}(ldegﬁﬁm Ln}/a%.&%ap_)utiélﬂiz; J'i} @27fn94r(!n9, W!)r@ git@ﬁ@l%@de
on wa

e cOo I tior m xed in order to provide :
Suglg‘ctola{%?%olo Pl?tlcl?ﬁri a?dZiFl?ﬁlzg w&}err )[;he I%am %nrer.ltsw re rrn(l) c?/ m% fo%ml_li\R
Typeeuss pol yester brand fil mwas used as the substrate.
The filmhad a thickness of about 3 mls. A coating of

the sl WERnES appiied 10 t NepMRPERhix&MT f ace€ of the
subst riate—£i i i

ate Eé m-tsHrg—a—bladergeati-ng—system—The—fHl m
was advanced through the blafde coating station at
rate ofBMRZl W& sliga! ninute apf the slurry was coated
onto tlmecguwbstrate filmat ap3§nitial thickness of
about [FBnHitser AS the coategsubstrate exited the
bl ade 'eeater—thefHtmwas—atvanced—through—an
extended heating unit. The |l ength of the heating

sect I 0 evgmt I'r]lienl‘?s w%rgtgoryunllltmi\:/t\a@%inaa 9 thea%?n'x!:r?o?k n% Ilgas tE) Il;]riovsdca
heat i ng° £ERYT G WAL el hital“ned &t “a t enper at

10

ure o
abetfPrm3gerupdtresPhe coated will was advanced in the
heating unit at a speed of 25 feet per mnute for a
tot al Heatiungastliongrapficdygeaite SRRl P@sIyeAd I} HEUE§EL ed
fi LPaSEEH. hAQbEGHR sﬂr@@ryelﬂﬂatei‘nﬁgtu%dﬁii zbout 343TE. rMmeSouie i Nt he
slurry underwent a cross]inkin [

i.e. curin
157 T o GBRER CP TGP RS Rt TineC Ficer pn S ot 158
wa gerg.iths spandriieg pfogesseebpiatiadly wmeypiidhetviies frare e iyt @ thoperpaning
S Ubssdp@Bisiwad bigerda O Ghexch pb@ietohnnals pHbsdlly @ting agiiedam. Bytotd! bf@bout 26
cr EO%U%S bf‘EHé e afesvel} -collIclﬂa@ d&ihﬁhz%«h.legn of @eraﬁ(gﬂt a%paaﬂﬂ dRhbout 8
subs

m%"“‘tédlrﬂ?fta%%heﬁ%i e o e bl
205 upeing edecst & thesvelore: AR f”ﬁ%/?f HETRpEr AT ISP & R L peRER e
anal yzed using a Mahr profilometer instrument in order
t o det B pERPRET I oPBlIg e sEenfistiopandobsredfo be foanedip et e

di sitica and PIES Wit pgivhes the atarlinue oxva grit imbaldad therebn t Tre fyeragt dizepBhe

m 6doR4ARs wagm&-ﬁinéa D@icr&ﬁm_&r disﬁ’iﬁ)utiﬁd: a&@siﬂtﬁn@ﬁdt%t and dry sample
a.g Etl?ogsaﬁ’o?t%eé 5'091!3 z‘ég'!eggt% tf?el a%ﬁke‘lum&?ﬁéag\%dggé 2‘0.3%!;&15 Wtﬂemetn
silica was produced by thé follo q\%drretpog. AN e e

25 aqtreBeEctednt Grddaronsy %’ésames,mefh"&g%ﬂ VI AU EH 0XT de
gr peredyaive Wagmeasyedty et aniqrar b fhe e sagplyaethed andgdSo Y migrs Piffs |

al efpgmpik hdho@ Pefintetohkyl enent gty explegacPEG)prB0Ginp wassit7h wdigher
angercg]ﬁ.foptné cfc@gea\égv; 885 and | BErSi:lily G2ch8Bkr 14s0ls Was Bl NDZI L
2040, avail able fgr om Eka Chem cals Inc. of Marietta,
Georgia, which is believed to be aqueous coll oi dal
silica solution was used having about 40%silica (Si Q2
) by weight, a silica particle size of about 20 ran,
and a base-stabilized pH of about 10. The
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conponents were mixed in the follow ng anmounts: The
conponents were thoroughly m xed using a high shear
Wor200810918y 15 minutes to provide a uniform aquBOLIBES2008/051785
di spersion. The mi xture was then spray dried using the
same Niro brand spray dryer. The m xture was heated
and fed into the inlet of the spray dryer at a
t e MPAE 8ifDirmofd 1 §lpabt) 240 O C . The outlet tenperature
of the spray dryer was neasured to be about 120 0 C
The sp& @ydedlof flicngaspt goess isludds tiaming @it opbireé withsidieh ninpparticles
wal, & BroéuEeQ » tﬁeh@lmmg)ﬁteiﬂgdemngo ub BBviduRMBRIWA riigd SiIRANE R S
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roun . out
imé def,DB]Fel getir e"am fllfC&?(H utsaﬁ é/aSCB%qDZB.ﬁ(QﬁO aéfgli.bfe 6rﬂm laku ggeﬁm cgaln(‘lof

hoMerietta, rongip. whiktes ikisred {p bejgayeays C@ﬂﬁﬂhﬂiﬂl&% splgtion g5 USF‘UPYIWé'P"”t 40%
si mtceqsmg)gy afightheaital paraclsRASof £bexa 20 ninexgld 4 base-biabilinad pif ef about 10. The
ag a‘t:s%vsremlxe e Aggregat es were exam ned under

ma ﬁ’f’ FELET SR AN Obe& Ved t o be formed of a phase of
silica and PEG with particles of the alum num oxide
grit i{mbegded thereon. The aperdgemsiipe of the

aggrecms maasured u_si nNa M croirack Size
distrith ‘B‘INHFELQO ﬁxca%o\?. ss—ust-ngrpgth—wet—and—dry—sanph e

nmet ho rage size was measured to be 17 08

m cr onSEBY’t he vvet “sanpl e netHod and 19. 12ni crons by

t he dr\ypesdmplagr net hod. The fj4ial noi sture content of
1ot he aggregates, after spray drying, was 1.4 weight

percent. EXAMPLE 7 A powder of fine abrasive

ag g re gﬁg &g’xpdm{ﬁﬁ (MNTaTNsTe] l'@'I ENe W34 X b m@ér totproli@d a@nitind aljetus

Si U Yodne folllowing method. An
a_q‘l‘jS i e °L9%] ’Cs°pdsl“| ¢a sol ution (BINDZIL 2040) was
pma)r(teldc hee Iglg?rgwas n sgra fged uggég aghero ﬂ)% |3 }:'ota%aat\érlmgegﬁ%pdr%YVg ﬁq%gﬁf 1

p OPtWW‘I@HéO@N%BT of(lpig@\a, %Wﬂﬁl 'Jalg inxterrz %(@ rheatéchaad fed into the
15 dejneddk tﬁﬁﬁta}ﬂhﬂkﬁf a tem-BhﬂurWﬂSﬂmme Pt. STheWilE@ teifperat of tid srdy@ryer

If’nO;X,Jg gl\é\%gﬁ an%mﬁ 3 RC- ‘Sliﬂe sgray drép nﬁ gxgcre]s},s ?ubs\{\aﬁtgﬁy rgmm(f)era %e g%ter YOIII the
pr B end g mmmfnts CHAPRUREST 8P5H o4 P &P g Yer "f‘ﬁ‘@” ﬁ“l“?&”?ﬁ P&9was
th Pre@Pd vaith hrd celdctad $dr mgystsh@boga:rﬁ@ offslic pagredpic aqq@legvgreag}lected
dr ¥&{ the d?&%yc“h@ﬁtn%@ab&@@ whealaeteadndh headinfbhOof thhQray Mt
Of aé)%at]a%s SQJ ﬂ%erQ1¥1t¥r§1E or%tmg wtts%msc[ t@%o“rr thea a@e@ out 343 0 C

outlet tenperature of the spray yer was measured

t o be about S, . at
350 Heﬂf¥ g?ﬁsﬁvgxe meghedgja m§éﬂ[ﬁ@a¥onqﬂdy)§sgrv \A@% ler@c{ (@L %

VBT HE TS E R PEIY HE IR DR P A i ng
C orgpremalesplisctagdipre thexhamberyesdnerseredfiie Aoy 4%%9%@?5 6\‘6 AEFFEYP 2r°
gemewnad hig/9.r ound aggregates. A total of about 26 pounds
of the aggregates were collected during a 2 hour run
25 0f EX @S pDRyhoddn Y@dondppar at us, with about 8 pounds of
aggregates being collected fromthe main drying
chanmbey poa&dof akQbHsivd BerQt MASdin biarR@Qdrie@ati@8 with silica nanoparticles

was produced by the following method. An aqueous colloidal silica was mixed with diamond grit

having an average particle size of 1.1 microns, along with a polyethylene glycol (PEG) 200 plasticizer
and deionized water. The silica sol used was BINDZIL 2040, available from Eka Chemicals Inc. of

30  Marietia, Georgia, which is believed to be aqueous colloidal silica solution was used having about 40%
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being collected fromthe cyclone. No further sintering

or heating was required to formthe aggregates. The
waogsegases were exanm ned under magni ficati on BEMUS2008/051785

observed to be forned of a phase of silica and PEG

with particles of the alum num oxide grit inbedded

t hefi@En,) by MkphoasekAgeclSi:Zd@ atofl 20 it gk egEl@SH wasout 10. The

ITeg'suorneenswere:mlxsgimat eMlleu(l)t ractis( size distribution

an&lysh Bot R ket " &rd dry sanpl e nmethods. For

t he cycl one aggregat es, the average size was neasured

to be |20m@&nm crons by the wekouganpixerenret hod and 22. 4

m cr oNSiAvndie dry sanpte mer§wd. For the drying

chanber—aggregat.es—the average—Stze—was—heastred—to
/9L, 208 I B2
be 45. 1 Cz;oor?gwats)c%/ the wet sanple nmethod and 45 9

m cr ongEBY%t he dry sanpl e nethbd. The final noisture
cont entDeiodized W@r aggr egat es, af4ser spray drying, was
1. 76 werght—percent  for the cycione aggregates and
1.54 for the drying chanber aggregates. EXAMPLE 8
5 ( Di a nDﬂlQ co;]npoq}lﬁ W@rgtﬁu)rouél @[‘ng Qflghgﬂezﬂ fixé Wpﬁﬁh%@mlform aqueous
%S I, a EV? IaboutECH}jsopcgm atngTDnd grit conbined with silica
Fes"was diced by the fol I OWI ng met hod. An
ﬁg\l}l Ie (r:: ; S 5%3!5{7 gfl?s sprﬁya+1fd u&rllg\l\@\hro §B6)§ IO, aryf oleer spra?' Errgepglthg.‘\ 1LPI 1
Wi ttpizgr asRiibjedion e e offlolyeiia MWE@S) ThE Db MasteEg bt mtaﬁa
d € ln@{b‘f %fsgra)}/ﬁkﬁf a tem-EHﬂur&if llbbt@ @42 S@ | THd sRd ewpsnBloNZprly i2EH40,
avai | abl e from

10Ge BRI B 1€ b Bl 8B e S BT o
Si Mixtym 2@k smpiers coRenerEEH e 1) Fratrotider o 5wl- ) a"“‘(d&
) Byregpri valth wererolBtiddifE aalpdr Aowi8®% it @zsofatciyidrist weRolleeid,
an gonﬂh%&%ycﬁ)ﬁtﬁpﬁ An!i :ﬁ)&\dlSmrle( 018 Hém tdOnain THB: GFOERANENE S

wel p 1%0 furt rsmterm or(ﬁ mgvv\v/lasrge%uu% nxi]tﬁea gIelgﬁesconponent S
vver@ 1 oroug usi ng a ear m xer to

15 pr oVi d'ﬁlc ?a%gr\l;létfsfwomre g)lfﬁgeld%%er ma%_mﬁc raf?'aJ Es@rvela %\{)E Bxgne@g 9}511 3 gfo %

solids i ra
usF‘W@“@Pﬁlckhm%.cgnbf“&ivﬁ*Wﬁlfsd’ﬁ‘PezdéaF‘O@Err‘t ﬁ’ Hy %F‘Z ™ an
FFagereqaeoniicataitrom thadyblenb e mfasupd ol abeyt 25|mireons. B aagistaighdts sepwn
Mamylzapd. The m xture was heated and fed into the
inlet of the spray dryer at a tenperature of about 342
0 ExaMing 1oNGE 8o dvemgagr ature of the spray dryer was
measured to be about 152 0 C. The spray drying process
20Subst emﬁolwé’elr bt¥inel2HEERY. @gegﬁta%cﬂi@rtg@l@c BH0OEmbike witd siitalhinBpadifleh

:) \%a rgr%g{lgefi g)! tﬁ‘e%ll?x%@%ﬂ? r‘sai l}éﬁlg (%lloq)agl%ﬁga I)ECQWIth%GEqZ%O grlt

c oPiBe BgrE sFtick N 9%‘1“§°“S K%mth 98’8‘@?‘%? g&gﬁ%‘ég%%géﬂ RELTE"
part fednieeg wetesy e gilish fobusdd eveb BINDEH P Hevafpblpépm Bip Ehegyrals IﬂﬁPft
an Shar@OCkorgid, Svhih iN@liced @0k dqeotsedloifr Wi shilven nased talingiabvgt 40%

25t hgllc§ @TOBXy \Qer thear Slll@éﬁ)%e@&é‘@ abOLINQ) nfn%& ehﬁsk stﬁilfﬁédgﬁ bﬂag)thb The
heati ng"was required to formt he aggregates. The

ag ey aee RRidd kAR pea Bfider nagni fi cati on and
observed to be fornmed of a phase of silica
nanoparticles and PEG conbined with particles of the
di anond grit. The average size of the aggregates
coll ected fromthe chanber was neasured to be about
40-50 m crons. The aggregates are shown in Fig. 9.
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EXAVMPLE 9 (Dianond 1 Cyclone) A powder of fine
abrasi ve aggregates including dianond grit conbined

WOWRE0R/0%1989 ca nanoparticles was produced by thePCT/US2008/051785

foll owi ng nethod. An aqueous colloidal silica was
m xed with dianond grit having an average particle
size of 1.1 mcrons, al ong with a pol yet hyl ene gl ycoI

(PEQ Z20-plastietzer—and—deippizedxmet er—_Thesiiica
sol  USeUAe B NDZILL 2040 abal L abl o trom Eka

Cheni i€ 2%c. of Maiietta, CForgia, which is believed
t o be |RNRFOLRIIGHtlsdi dal sili¢c®#0sol ution was used
havi nng ica (bl O 1ot5y Wel ght a silica

parti ci f—abott—20-nmzand—abase-stabitized pH
of abau e conponents were mixed in the |
foll owi ng amounts: The conponents were thoroughly
m xed using a high shear m xer to provide a uniform
aqueoul® ePEPEFs SEHHOPERR Tig! KisHt e %‘“ P I Py oA
Theisparsioetheming abpa §4%4 spl@pinggeray dri ed using aNiro SD6. 3
rotary atom zer spray dryer with an FF-1 atom zer

savai | abk sixfule @mtiNi oy dribdusing adifro I3 rryia@mizdvkpray Hraandlith a7 el

M X8 By MRS 608 at& fe. aﬂwlurtﬂﬁéjl\ﬂirﬂln@ 118 Rixiufd W@thea@ll anti R&inG ﬂnE ay
dryer at a tem)erature of abg

te ﬁ*ﬁ%ﬁf HE WRENGT ¢ HECEEE Ao ? %%““%Qgem‘”éecﬁﬁ{w&mﬁ B
ab @utmeskBed tdbe Bout T4 €C. SR PNty dibing piagss RibGORESe®UI S amdr iremk they
I e YR Ghaleld %m%ntg%gmpf)r[exgmete hﬁerﬁh B ledeth @po@(ﬁfjof tRe cEne B kddkang

10 ; on %%]%{'wh%h W&l cauectedsf‘? erm‘élg?s L9 Bus 56’% "Ethe a%%!ﬂ%ﬁw%g we?egﬁlt ebted

ecte
an &89 déver cm&wn wEavoy P ‘t’effé"”éiﬁ“@ Ff%ta‘-‘t“é““ﬁai“% pigy ey f}%ef e

C O hfpeants. e Mo fntheryintdng ordigaira wasgspeifedin &y agera#id about 15 %
were collected fromthe main drying of the spray dryer
appar athe sgreges vetd etahigqd usiermagificatig aoiobsered toj bp fyrmagdes a phase of

I eglith hefparticRs Jn@PHB bivthe APE hRGRI B Hs NGTNEL. APYreRGALES thner e

e X %me%ﬁgcolﬂagl xl(‘)m mF&mbErlw&q;eldsQrEh t@t&%%oﬁ’[% ﬁ)rn}{c%gs tTﬁ’e gIt(Q bbe d

ase o I ca nanoparticles and PEG conbi ned
V\Afhﬂw‘ﬁ%l}?‘¥| cles of the dianond grit. The average size
of the ag]?rg ates collected fromthe cycl one was

me&Stfed MEBYGESS i crons. The aggr egates are

shown in Fi gf 10. EXAMPLE 10 (INGC 250 .
powder A B9paef ptifee a]éfﬁfv%@gr?ﬂéteséf@]d‘?“@&gw é°§’b‘f“ﬂ R C‘H’ﬁmﬂ%?ée%bo
c opylueve o twifdipwipinehalaAraropatiidlelie sawisd wih BN 66 Bvibgant he
20f o0 Iadex@gélipﬁtgle gtohflcrondBiong @Iﬂlﬁfpﬂl&tl@lﬁﬂe kigdoldPHG) 2D blisG@eenamls
m ée%qlze\eﬂwm ﬁl@@@éﬂ@w%slgtmﬂmvmgwmle%@m@eemmgmd &l e
é@ Cﬁ32%861‘gla,l w%wl% IS beheve% toq)e %d&:oxg C(Hlmgal cha 1%‘1:0,1 xis eégq?]hgxllgxxg g 40%

soﬁﬂwasSé)@P Iy Nmfﬂdez@%ab%ﬂdﬂ ﬂaﬂﬂbéseffiibamd@’r{&f ahoit 10, The

CheybahsSverk Red itfie iVBWiheRInbuats: Geor gi @, which is believed
,s1 0 be aqueous col | oi dal silica sol uti on was used

haV| ng_a-b.OU-t—40—/G—SJ-—I—I—G-a (Si G h\/ wei ﬂhf a—siliea
parti 8™ ®f%e of about 20 nn A WS se- stahi Lize pH
of abguBN2@icreThe conponents W€ mixed in the
foll memmwnm&sarhe CONponesAt s wer e thoroughly mjxed

usi ng EGQMH Ducal nrxer—to hgyluc a uni formraguegus
di Sper bout 549% 5ol ids i n-wWater-
Deionized water T72.64
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The m xture was then spray dried using aNiro SD6. 3

rotary atom zer spray dryer with an FF-1 atom zer
war@sigtse from Niro, Inc. of Colunbia, Maryl apdr/u3iees/051785

m xture was heated and fed into the inlet of the spray

dryer at EL tenperature of about 342 0 C. The outl et

t enper B thingoneis weik Rorgugiilyarytxed isjhe & highaigar MBS preide dugifoyeaqueous

ab Qi rsidu@vird atfort s BliS RAY. dryi ng process substantiall'y
renoved the water fromthe m xture and the remaining

conpong h&tu%&@hepéi}&)ec{nyoqgngt ac?’erﬁr%xrﬁoéel Pe mg'ratorQlEcr @Jirl'er
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ap Qbas‘grvac‘: ﬁ%o‘rm J\égwjexuorf g E en§r!&lg Loﬁl{‘d a&ggagg wlnﬁ @Eréz RkNES analysis.

ure ormt re
B i
of caliecsthayethegrfain iyipg of te %ﬁfalr@fﬁfaaf’ﬁaia%% &% fupresiEE ogksAHEE Ve d
10M tehuirpas bimGle@gregdes.t he NGC grit. The average size of
t he aggregates collected fromthe chanber was neasured
t 0 be ‘BbadtgadOrekBxafiniufiiSnagnifia@oragpbeg@ s foafe@ofs fiesant i n

FI Gtica Hailloparm bie cglx;lxblnécfva&lpgtmm c@fh@@hl\@hﬁ m%%)age’%lzp(g wele r Of
e apra regat es c | ne
Si F%gr(@’%ltehcaoll%ged%o 919 hargoer was measuretldto lgz ala)gt 86:Blcrﬁns O'Fﬁbiiglgro%ia\}es €

e shawn Figh? aqueous coI | oi dal silica was mixed wt h CBN
grit having an average particle size of 9 mcrons,

153] Bthhm&k%ﬂV@ﬂ%@ﬁ@ @yEbl (PEG) 200 pl astici zer
and deioni zed water. The silica sol used was BI NDZI L
2040, Apwaid eftfheabrhsivoreerFaries iChidng CBY Fanbipgd ¢vith fica myappartisies Vs
Ge ebdited by thbtidl16Wngi nBthdieAn ai@elcoliopialbiBca epieeUSithMkd @htelalBN grit
S i lnelvﬁ@an%@"aé‘:tpllm SM@@ 15%@&1 hﬁg{vﬁg p@ﬁ@l&iéﬂe ARG} 106 PaskcbrO

a;)c/idcl mzt% watbr ﬁgmllca so?u ed B&I?[QI %ng)l a%g bq)e froﬁgﬁl&len&:gls fnny
an Hase- st a ed pl 16"

20,00 Ml S8 ok BT baeaumf C%lwsmltcg%owéwefaﬁ%’gﬁ s
e pia (SHQIDugHh. ysilied prreidk sasif agut 20 tim gyt badeeiahilizesipi @frabquig 0. The

PT OMd &&ts@veﬁamxzd%mfawwmdlspersn on having about 54%
sol1ds 1n ter. The mxture was then spray dried
usi ng aPentronl x Model 370 rotary atonmizer spray
dryer .| CPReonsH xt ure was fed af SPBONT ‘ft\é‘ﬁperature i nt g
t he inlredkclexfatectdﬁensmmaxy dryer | 800 a tenperature of about
220 0 tamuzﬂ?zomnlka%&l tenper at ste of tThe spr ay dryer |was
rreasurﬂﬂ to—-be—abeut—98—0-C. 2|9||c Spt-ay—trytrng—process
subst nFIAPIV renoved the wa pr fromthe mxture and
t he reriﬁl"ﬁ?eﬁ@ateéorrponents wer £¥observed to forma
powder of small, generally round aggregates which were
coll ected for analysis. About 5 % of the aggregate

25parti ctiesomp@ene weoihbregithethef tspm tidhecad mixeto poyidd aopi@mpqicpus
angs RQULyird o XeWEbRs R akdrect ed fromthe main drying of
the spray dryer apparatus. No further sintering or
heat i Mhe %&re (N%%Ill %ﬁpdngﬁmggcﬁr’m&nﬁ@/[oa@gb @ﬁ@tatexﬁmer S-Elrz\.ﬁdryer

ag gtr;e m%(m d: v%a y%a ro?m tem rpag]ree 1];1‘[0 %ﬂe 1d]et of t 19{} Idlfyér gt%'iekngé;]at@e%gabout 220

observe ase
OC. The outlet temperature of the spray dryer was measured to be about 98 °C. The spray drying

30 process substantially removed the water from the mixture and the remaining components were
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silica nanoparticles and PEG conbined with particles

of the CBN grit. The average size of the aggregates
waedoseeed fromthe chanber was neasured to bePebUs1008051785

m crons. The aggregates are shown in Fig. 12 EXAMPLE

12 (Ni ckel coated CBN 15 m cron Chanber) A powder of

fi Bﬁer@@fo@eﬁh y&w@@@ﬁrﬂ&%&n@@ly rotGlagbetbARgwHiBNere @ ok d e dnawdid h
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ueous co th
N CABHEESLban GaRE P PH s S PR BT s
of rem@emﬁmwgggfeaqte@ng with a polyethyl ene glycol (PEG
200 pl asticizer and deioni zed water. The silica sol
sused WES adBleddDAete eI undanmprifgdypreand qbygrvedikba fodise pha eldie st
| NGilica @dnophddies @i PRG cokd@Gd With @articlAdf @OCBNSeril @hel a@vaghizt @b e

29UBALS, &Qelctlmq;of;i Bk cidhted o PncaQedtb beQRbuBSiciR e the Ra¥ iR
about 491% lica (STO) by weight, a silica particle

si P8VHPFY out 20 nm and a base-stabilized pH of about
10 The co gg s were mxed in the foll ow ng
amb 0ﬁ)ponents wer e thoroughl y m xed using a

hi g shear m xer to provide a

10 di S per é P%Vﬂer ﬁfé‘l{}q aﬁr@swg%rﬁﬁatesglfb}dl 6\1%% a£0 fOﬁ1 w1th &rl%anopamcles
i xesproguceddsthe frllemingprthedy Atkaicerd Nus Prig Ve mrxedn'tlth YRT 2000\giEharing
37 &h dvdzagapicladize A8 ZiFonsS{h@ryith @ pojyethylencldyeol (AERX 200 énstisixs arkl e d
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15ab6‘E?t°f Y@t 1§ ns, andpphase- %@ﬁ? ﬁﬁ‘/l’}b‘iffﬁ"‘ﬁéo 6?66&‘@%“%“@8&"&% &1y
r efbwed ahdvgs:wat er from the m xture and the remaining
conponents wer eobserved to forma powder of small,

generaub%pgﬁyuu aggregateswWhEgh Welg, col tected—for

anal ysii out 5 % of the aggregale particles were
col | ect™ %¥om t he dryer cyciBfe unit and about 95 |%
wer e co¥ahaestied from the mai n| #yi ng of the spray drlyer
appar aifEs 200N Further sinterimgsor heating was

requi rgslbaqgt grmtheaggregat gs. The aggregat es werje

exam n&__u_n_dgr__aa_g_m_f_;_gafl onhland observed-to-be formed

of a phase of silica nanoparticles and PEG conbl ned

with particles of the CBN FS;rlt The aver age size

the aglf SFAEEE "EoIPRELG < FERT FHEE ARFE S aumr?ﬁnaa Lllﬁmesd
20t o difpersippthering 2bP@ 53t efdpngaterThe aggregates are shown in

Fig. 13. EXAWPLE 13 (NG C 2500) A powder of fine

abr asi The matyg mesdfat @9y dripfobiogdiPengonBRIPHO Otag aibirnwdy $iet h

Ce Wﬁe&uﬁﬁbﬁﬁ&f at @l t@Sert@Sintp t‘hﬂﬂlbt@ﬁﬂ sy diyéret afietbdrapiw ofidjout 220

{l ﬂw outlet temq:raturc oﬁthe s%rzg%aer w€s mefl\f}@d%o be aboE? ag‘ tnté sﬁ%ryi%? 00
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25andbseteil © iz e wdsed! el eefitraly Nend eeeCentel which Yeekolgaied fpygnalysis.
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t 0 P& ARHERYRI Qf&g RSBl OPpaias m&&ﬁer havihonahous 40%

Cegelqulridtoiyrmvfea&pegaiesa silica particle

The aggregates were examined under magnification and observed to be formed of a phase of

30  ceria nanoparticles and PEG combined with particles of the NGC grit. The average size of the



size of about 38 nm and a base-stabilized pH of about

10. The conponents were mxed in the foll ow ng
w@emsne®39 The conponents were thoroughly m xedPCBUSPOK051785

hi gh shear m xer to provide a uniform aqueous

di spersion having about 53% solids in water. The

M etereeass wiksted fvarthe gipmigywagndagdd 1 84 abryt S8 mPemt Tro paexksaivbadel

37QnotvPh @ Ma.at om zer spray dryer. The m xture was fed

at roomtenperature into the inlet of the spray dryer

at pralEIenRtids®) of about 220 0C. The outl et
tenperature of the spray dryer was measured to be
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apparat us. further sintering or heating was
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exam ned under magnification and observed to be forned
of ap gonaf Cceri a nanoparti clagsn argre PEG conbi ned
W th pdNGdz‘sd)oEb of —theNGC griig The average size of
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a 1454
to be EOBU* 50 microns. The aggregates are shown i
Fig. 1MPEGRXAMPLE 14 (NG C 2508)*A powder of fine
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met hod. An aqueous Soft Alum na was m xed with NGC
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ol yet
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b ase- $ile @bﬂzt lte'm%e@a@lne%Hh&Em@Q/@'%s eured IR 2R OPQN ERtsSay\WB L

Xr%gass s b tanrI aﬁ remo edqlne wgg frWﬁéﬁ%&e aﬁu}- Qﬁenﬁ%&ﬂp&ﬂ%@@n@ wihEr €

th usi ng ear_.m xer
unlo?sﬂegd é‘iﬁ‘%@tﬂ%‘“ﬁf’%é?‘?ﬁg PO AREFRRYS WD Ut Bk stglaﬁm}é%s
20pa tabqut 5 AT ¢fehe peedaig pacticipers e etilestid Sqaythpyivel eyclers ugjspdagousds % were|
Pe kdliE@n ot théthaldry By the Ptapdryer am. 2@ifurBqp sidgyinghe yeating wikhe
M X e o MRS Ebet. FOOM tenmperature into the inlet of
the spray dryer at a tenperature of about 220 0C. The
out | et pf Q%E&(eﬁe%re%mggd ukciaﬁnagmcﬁiyn A ¥BRedWRsS fRASUHIRY of O

be régjmma Ilﬂ{lCﬁaI'thQS atnd Ege}fcon%elgfvﬁth part%llesrg)gtheq{ G%%%)%?rﬁ S"Hllg %Er%@ g&e%lr | y

e remainin
25c 0 ﬁﬁa%afé%wo%?démaB%@WEWWSF&’HW éb"ria%ré?ﬂs of'® CHEFFS
gesteraih Fig 15.ound aggregat es which were coll ected for
anal ysi s.
EXAMPLE 15 (NG C 2500)

e a

A powder of fine abrasive aggregates including NGC 2500 combined with silica nanoparticles
was produced by the following method. An aqueous Mega Sil was mixed with NGC 2500 grit having
30 an average particle size of 5 microns, along with a polyethylene glycol (PEG) 200 plasticizer and
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About 5 % of the aggregate particles were coll ected

fromthe dryer cyclone unit and about 95 % were
wa@oedoseeed fromthe nmain drying of the spray dPgBUIS2008/051785

apparatus. No further sintering or heating was

required to formthe aggregates. The aggregates were

e X adaibriivedivaten derMegetijnied v bit Moy TechdlogBgdicviettlitvel tde augprsned

Of Mg &8R:) Ofutiddlwid Theld Bav RADQPALH Sili€:) 19 Sveigh d silREfariei0 63 bnel:

Wi tlla?1 a[ntilllga e%ébﬂggd phlaﬁdb&m %EE’QJonggn tlvere II t&ﬁ mQh\é?oﬁl@\gx% aﬁéug@

e aggregat es col |l ected from the chanber was
measured to be about 70 m crons. The aggregates are
shown | forfPprgnt 15, EXAMPLE 15 |ONGs€m2800) A powder o
fine abrasisvEe aggr egat es i nclfuek ng NGC 2500 conbi ned
Wi th sifiggmanopartictes wagproduced by the

foll owwww%h
NGC 2500°%9t having an averdd& particle size of 5

m cr ongDPeilzgngewi t h a pol yet hyl ene gl ycol (PEG 200
pl asti ci zer anddei oni zed water. The Mega SiT used was
by Moyco Technol ogi es, which is believed to be aqueous
Me g a Sirhe c‘n%brleﬁt@v@)e 11D RhgHl K uNES hiptSed: nhhaMb e idabatidm 4Q%s

Si a) - Vi e, SR, Sid) C2 particle size of about 100
nmd‘s%né“ ‘Base- st %&ml zed pH of about 10. The

conmpon %Q m1xtu\{\eevs[asethe{mﬁ))r(a§ gneh %lnémntlfo&gl{dc%mﬂgota%m%iﬁﬁ% §pr?{ I@e@

co onent

i BT B U dem AR BT AR S SEUE S SRR A
1abeut TR3MeS@ipéraSe df e i@t dfer wadhe@suidd X belibodt 90&S Thdsety dBfE ay

d r Ipﬁ)gessL §o'st£}19al1§regﬁrmtﬂe%r)fmmglglkmr§Zl@thg @%a@lfnx ccﬁ%&éﬂsl@&

I n t %ereh to%orm Ia %owder gFtITx.ilal)j' egeneral ry round &F%rleéates w%lch werfa coﬁlecpp F r ana qysxs

et P50/ e PRt YR ISR St B HBS St By e

dr ydkctadéen theeesudry@glofthe spe drgghoppratu® 8Nd@her Tirf@ingqy healjne gy i ng
19" QGEESH HHbEdafdital | y renpved the water fromthe

m xture and the remai ni ng conponents were observed to

f or m aTRQWHEHes Mre cSdtikd mdeg’&@xeﬁc&imll Md sb@Hado REGHR gﬁtpﬁ& of

V\'h I Sﬁlca n%{agxclgs%d, P%ﬁ Eo%gmefd Q'rth p%laaés Xfﬁl’le %IGC oHlE avé‘ag{ glg of 1ﬁeh €

es were col romthe dryer

cy é‘F%"‘g s E?H%Otfd IR STt W@%ﬁawrewé ge agomoslo f&ted fr o m t he

mai n drying of the spray dryer a@Earatus. Nﬁ 1 p
si nt er MAGBHO FERFFHEREES PR FPRYTTS OIS PRTY HE osit, e _
209 g geeesgreet ey 2sTty ssedipygpplistyat Esr tptoms sl g ardigiging of materials.
magm‘ ifstar@ @t is Galicvad 1oht toogeBE A Of tife presor@ difcosurredy tofncagpopldige  Of
Sl Idbfé@nt RERRRAL. tl"hecakggeéate@fﬂgf 520 SR R @GhpYMitd thhteRASdr ki€ hu@ise
fenh CM gren ‘i’l he CO! %Y?rlggigltlo%l1?1@061%‘6&%}%& Qg%%éa@ Efﬁ& be
etk U e ph ol out

er. was asur e
m 6?‘6?5(2‘1 | *ﬁat %‘d‘Ta’F‘i‘ablﬁ cefiHn PRUFAHYS AR 5L AR Y YY) “{/Fégs
sonme enbodi nents of the present disclosure,
Zaggr egAlte&setitysAPLs B atofiF g FpTT ipugption s tﬁ‘f“ﬁ’é?em‘fdﬁ‘é n
abpasisey efdlluftigton o Hesagibtion & isaet éhtefded1p selathprgivedr torfigit i ingghtion to
FOfihe biasst BRACEloskd OtivBushBdificRM@dr vidagdns diepessiblgig g thesovef

:: h Qea&{ngsﬁpgmbwm%&é aQe?Cl'Hse% amysc rlpe% mI DGR3 9&)\@&6 @Q béstnltugratlons of
ub rrq
éhg Prﬁx&laeg { I t da mvenflon and its ;iractlcal apenhcat%? and.gcﬂfxere’lcﬁ'){c enal )é orﬁz o? ordma% skﬂle

30 in the art to utilize the 1nVr=nt10n 1n various embodiments and with various modlﬁcatlons as are suited

)

to the particular use contemplated. All such modifications and variations are within the scope of the
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of enhancing the strength of the conposites. In
addition, it is believed that the aggregates may al so
wheoosoploeyed as a heat sink material in certai PCT/US2008/051785
appl i cations. The aggregates are shown in Fig. 16. The
foregoi ng description of preferred enbodi nents for
t hiirSeniidh ¥aiBtriniogl bhiasapipsied vlaprs @5e intepdted iprccoplacpath @ brefith to
|| st dhabd @Ry, Ry, @sekbipaii@n. 1t is not intended to be
exhaustive or to limt the invention to the precise
form di scl osed. Cbvious nodifications or variations
are possible in |ight of the above teachings. The
enbodi ments are chosen and described in an effort to

provide the best illustrations of the principles of
the invention and its practical application, and to
t hereby enabl e one of ordinary skill in the art to

utilize the invention in various enbodi nents and with
various nodifications as are suited to the particul ar
use contenplated. Al such nodifications and
variations are within the scope of theinvention as
deternmi ned by the appended clains when interpreted in
accordance with the breadth to which they are fairly,
legally, and equitably entitled. WHAT IS CLAIMED | S: 1.
An coated abrasive product, conprising: a substrate;
and particulate naterial bonded to the substrate, the
particul ate material conprising green, unfired

abr asi ve aggregates having a generally spheroidal or
toroi dal shape, the aggregates fornmed from a
conmposition conprising abrasive grit particles and a
nanoparticle binder. 2. The coated abrasive product of
claim1, wherein the nanoparticle binder fornms a

conti nuous matri x phase in which the abrasive grit
particles are uniformly distributed. 3. The coated
abrasi ve product of claim1, wherein the aggregates
have sai d spheroi dal shape and are hollow. 4. The

coat ed abrasive product of claim3, wherein the
aggregates have a wall thickness twwthin a range of
about 0.08 to 0.4 tines the average particle size of

t he aggregates. 5. The coated abrasive product of
claim1l, wherein the particulate material conprises
bot h toroi dal shaped and spheroi dal shaped aggregates.
6. The coated abrasive product of claiml1, wherein the
particul ate material has an average particle size
within a range of about 10 to about 150 m crons. 7.
The coated abrasive product of claim1, wherein the
abrasive grit particles have an average particle size
within a range of about 0.2 mcrons to 10 m crons. 8.
The coat ed abrasive product of claiml1l, wherein the
abrasive grit particles conprise a material having a
Mohs hardness not |less than 5. 9. The coated abrasive
product of claim1, wherein the abrasive grit
particles conprise a
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materi al selected fromthe group consisting of oxides,

carbides, nitrides and carbonaceous materials. 10. The
w@eoasethvabr asi ve product of claim9, wherein seETUS2008/051785

material is selected fromthe group consisting of

cerium oxi de, al um num oxide, silicon oxide, zirconium

oxi de, silicon carbide, titaniumcarbide, titanium

ni tWHAJES CIeiMEDI®N nitri de boron nitride, dianmond and

conbi nations thereof.11. The coated abrasive product

of cl ai mAd oatwhrbrnset pododhommtiinasi ve grit particles are

coat ed aMdktReandret al [ urgi cal coating. 12. The coated

abr as I vV %leYag Mgr;al bgrfdedqfcl ! s{&tglé 'the mﬁglﬁ! Iﬁldteh;h%mprlsmg grﬁen unfired
met al rgical coatin ect ed

T o 1 1 B CURLE S ETaY B el ot B e P Bl
si | ver feomd colppsiignsommelnasbrscive grignartislys anda pnopartcle bindeh o coated
abrasi ve product of claim1, wherein the aggregates

are co a} Qﬁje cMeEl Rra@ve%&u@tlol” clﬂlfngll Ql@Jem %@%dpﬂﬁle bihdhr for;lr-lbﬁcontmuous

coat ed aalt:)nx a C 1N whpl'é tge a%lraswe rrrt a?’[!cles are un1f3 r'mlyvcmtn u?ed n the
met al | UPgI* €Al "coa oﬁp I Ses nmater | is selected

fron1the group conS|st|ng of nlckel titanium copper
si |l ver zamtk calell @ysveqndhctnt detnul;, eigrein Iheregreshics hy8 saidFieroidsbwitpe d
abr asi vgq fyaguwct of claim 1, wherein the nanoparticle
bi nder has an average particle size not greater than
150 nanoneters. 16. The coated abrasi ve product

cl ai m 15 Thefpfist e e PRECAETEa P o1 e 8B E e Vé‘auéhéclk‘??ff““ed
fron1th@mgn@upmbwn@w&@Dﬁgm@$HW%%¢mW¢@%Pﬁ€w%$$$F%on

oxi de, alum num oxi de, and di anond. 17. The coated

abr asi VSE Tpe cgagh‘:g;ohsv%f t%{‘ mng']6wllex\éﬁ @1@ ﬁhlﬁlla‘ie%‘[e&%gﬁ% Bdthc l e
bi nder conpri ses S|1 The coat ed

abr asi V& %@H@F“gFmgﬁgﬁﬁﬁﬁgﬁﬁﬁereln t he conposition
further conprises a plasticizer. 19. The coated

abr asi ve TRicatdtasi@proakial dinlBwhewh ek @itiouldcheicpl st mciager
i's sel eekigo,f iR, the oGsauPL eRRSioshidag of inorganic
salt dispersants, and a polyneric plasticizer
effective to inprove dispersion of the abrasive grit
parti cledbeeppict EsCHRIES] ¥4 b e the PRy AL BIFP AL TR
pr oduct pagéle sizk withima 1a8ge ofabrer0dimirrontielOpliceest | ci zer conpri ses
a nononeric or a polymeric polyol. 21. The coated

abr asi VE? Tpe coa eh‘ &Y‘asn‘% ro&lct%k mn%owhel\éﬁ %E ﬁ)hg}vcglxt@ﬁ'&degéoéﬁﬁe a

conpri ses %1 sel ected fromthe group
“E 5.

conS|stTﬂ@m8?m%’ hHPeKsE H% 3?’ 1, 4- pr opanedi ol ,

et hyl ene
9. The coated abrasive product of claim 1, wherein the abrasive grit particles comprise a

material selected from the group consisting of oxides, carbides, nitrides and carbonaceous

materials.

10. The coated abrasive product of claim 9, wherein said material is selected from the group
consisting of cerium oxide, aluminum oxide, silicon oxide, zirconium oxide, silicon carbide,

titanium carbide, titanium nitride, silicon nitride boron nitride, diamond and combinations

thereof.
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gl ycol, glycerin, pentaerythritol, malitol, sorbitol,

isomalt, or any conbination thereof; or any
wa@eouBioyasd on t hereof. 22. The coat ed abrasi ve peDUsZInSg/051785

of claim 20, wherein plasticizer conprises a polymneric

pol yol selected fromthe group consisting of

pol yet hyl Ba@atglaysnt prodmodf Wi O,pWidra TR algyhsly €gik garticles are coated with

pol y(t et f.ameinyl.& ge et her) glycol, polyethyl ene oxide,

pol ypr opyl ene oxi a reaction product of glycerin

and propyl ene oxi de, ethylene oxide, or a conbination

t her eof12. Be foaglabristrprsicotidem |ophemingfp pytallapier! qating comprises a

di car badeytid & see@ddcrodthe grdugcoab@ting vialckeV dianiug, qptrusil et angdllpys and

pol yol ; hifles@&B¥orcOMbi nati on thereof. 23. The coated

abrasi ve product of claim 22, wherein plasticizer

conprises a polyneric polyol selected fromthe roup

consi stiPnide Bitcdd frseatﬁ(td%ﬁ‘ TP SAETn Bresseas Bt cour g5

di car boxewlurgirala@iid. or its derivative, polyethyl ene

gl ycol, polypropyl ene glycol, polyethyl ene oxide,

pol y pr Ole'{'hgggtedgéasggpmdQ& of i %aséllre}cﬂ 'Ehe Hgtrglgrggat COQltlg cgrlnﬁfﬁe@ k in

and propyl ene oxi de or ene
Dt b VBLA BICE BT AT S e B g aor] € B
conpr i sedugpdkgét hyl ene gl ycol. 25. The coated abrasive
product of claim 18, wherein the polyneric plasticizer
has a npl ﬁ@&tt@ brtt@t ket e rtrtr i unheir] RRAGSpa@Ele BHIAQ W arldlerde®
about 300 I %1 ggmm) abrasrve product of claim
1, furt’R8 esi‘?co“ AR yieric bond nateri al
bondi ng t he aggregates to the substrate. 27. The

coat ed 1abmaghdebrpivoadet of oifim ¢1. sleryin 26 nanapkréstedingyr i fylected from
aggreg aﬁe%§ruﬁ5rﬁrst§é MEkivn &RAtiIRGh A1, Qurliif oSahsd diab®. such
that the polymeric bond material forms a continuous
bonding matrix in which the aggregates are dispersed.
28. The7chatoae! 2ApH R HFB QU EE BRRITH O RBEFSBi n

t he polsyirepiics. bondi ng materi al conpri ses pol yester
resin. 29. The coated abrasive product of claim1,.

wher ei nl 8 t ﬂgcoﬁéﬁtQ&Lsrvgﬁn%uc‘t:& BRk, I1 %§e1ﬁhe%p%tio@fhrth§r%&n%9§e§g
fromth grou p consisting of polyester, polyurethane,
pol ypr SBF&he, pol yi m des, non-woven naterials, woven
materi al s, paper, and netals. 30. The coated abrasive
pr oductis. ofhe ohtaliabrisis prativedt elhin 18, Wi@reip Gk plavenizerds sh@tadifrom the

mat er i aglrouﬂr c%nslstﬂlg &fhﬁrgiuQ rsznﬂdﬁfeﬁﬁts miﬁgolﬁrﬁr&tpla@im&l’ detydtivego ilpreve

substra ered to the
adgs%ersgn t}%ﬁ Qggagveeg%tr@as hel rtgpo@rgua

substr coat. 31. The coated abrasive
product of cIa|n13O further conprising a size coat
over | yi2fgThe Wetedagg"rvelg@twe@ clairg 28, whefgis the plagticeref contpFisgsy mpaemeric
pr oductor ofolyadriapai31, further conprising a supersize
coat overlying the
21. The coated abrasive product of claim 20, wherein plasticizer comprises a monomeric
polyol selected from the group consisting of 1,2-propanediol, 1,4-propanediol, ethylene

glycol, glycerin, pentaerythritol, malitol, sorbitol, isomalt, or any combination thereof; or any

combination thereof.

22. The coated abrasive product of claim 20, wherein plasticizer comprises a polymeric

polyol selected from the group consisting of polyethylene glycol, polypropylene glycol, poly
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size coat.33. The coated abrasi ve product of claim 30,
further conprising a conpliant coat di sposed between

wo bmsoelosd coat and the substrate. 34. The coatBdI/US2008/051785
abrasi ve product of claim 30, further conprising a
back coat overlying the substrate on a side opposite
t he maketamericne eBlr) glytfl.@olgmgtne ckida lpslasbitae g3idQ aigetion pbduct of

clai m 1y, .hgn ebagleﬁeb)edeqam@adt lomomm theseesala@@ubm@etlfa
to aboud'iol a%? &{\(grlbcggib adDd or %%efvahvca 1 r?l oggbg{ya C(Ygl%1|n£101] thereof.

particl®€s) t7om ot t percent of
t he nanopartlcle bi nder, and fron1about O 5 to about
40 wei @bt Thpentgiebrisivofrodhdnd clin 8% thewin pleticizensenigiket 2 pereient s
based QRIyd Recda@biihe g‘i(ﬁlb dofbSting O teadtibn parfiuct dnedial Qlﬂ'p&)&}bt)xiyl&n
36. The c1g %5 q%g{/at%p %&% hMe%e B)IC(Q %M%Opﬁé‘m g}lcé Gﬂ/egh eneM‘c@ r EI n

the conposition conprises a ut np ? ut t.0
50 et R BUPC . SHBPHEI Bt P B A PR T S s0% o
90 wei ght percent nanoparticle binder, and about 0.5
to 15 WRP@h&m@Q&&EﬂhmﬁkﬂﬂmheiWﬁkmﬂﬁﬂwmﬁhemmaﬁied
abraS|ve1£&ggg§& of claim 36, wherein the conposition
conpri ses abo 15 to 40 wei ght percent abrasive grit
particles and about 60 to 85 weight percent

nanopar2fi tf eatsiapigtie prodggof clai &8, phsii Py BErE PV e PrGduct
of cl ain®ledujar whipBIwahifa et pr0 thuedbouk Hotadapt ed for denta
applications and is effective for use on teeth or
gg%?: SZ? :_11918006 ed aéraswc pr(?a}gci of ﬁzgm ?l?urtilac% CO}’llleHSl%% g)r lél}{e'rlc bond material
prOV|déﬂ“th§ﬁ¥%§ﬁ§N8ﬁmmWhe aggregates haV|ng a
general |y spheroidal or toroidal shape, the aggregates

conpri sk, nﬂlc @E}edatﬁsﬁ@ﬂrdﬂ&t & Elhik 240 Aetein Gk @Freg@iire@lurry-coated onto
nano p ar lge 5155 trgte %thgﬁﬁe polﬂi’annc b-gkh%‘laé[pdi, i@l‘?h's Y c%nn%l!lohgrbgrﬁmg&atrg(h@l m

39, % ées are provided in an aqueous
suspenéﬁﬁﬁmeﬁﬁ%m? mﬁ fided abrasive product

conpri sing: aggregates having a general ly spheroida

or tor as.dmt costiapRive frddet @ggh ey alic i the @iyeric §anige nauarial

abr asi vg, gLl foyRartl.cl es and a nanoparticle binder; and
an inter-aggregate bond material fixing position of
the aggregates with respect to each other. 42. A
particGﬁa%ewﬁﬁﬁ@FwaWFm%%ﬁﬁ?F§WﬁﬂﬁmgW§%%?mﬁﬁFFP@8m

abr asi weecagipmelgatesonsisgivs afpplysstey eatyeretbdnd, yolygipiylsregiotliglidespr

t or oi dabn-SN@RRrialsMWOveAGGRYph@Sndnerred from a ‘
conposition conprising abrasive grit particles, a
nanoparticl e bi nder

For T orlh TE s REr Ao By ¢ PR o et BFrar R Es 1 at

form of a make coat overlying the substrate, the aggregates being adhered to the substrate by

the make coat.

31. The coated abrasive product of claim 30, further comprising a size coat overlying the

aggregates.

32. The coated abrasive product of claim 31, further comprising a supersize coat overlying the

size coat.
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formng a slurry conprising a liquid carrier, abrasive

grit particles and a nanoparticle binder; and spray
waleoosngioshe slurry to formgreen, unfired aggrBgERUSR08/051785

containing the abrasive grit particles and the

nanoparticle binder; and classifying the aggregates

f or uses.ime ancdabtsasirodet 4b rlow BC futherddmprisige carplishtgeht dsposed

cl ai m 43vwechiEHRI Bat BB Sbsttid Y further conprises a

plasticizer. 45. The method of claim43, wherein spray

drying is carried out at a tenperature |ess than

4000C. 346e oprs abiestrREYuCH cle 3} fstharsomngiping 2 Bickcod edxie the

dryi ng sitgrag ar asidegpositgthe mike gvatt enper at ure | ess t han 350C.

47. The nethod of claim43, further conprising

adher i I}g Ith c%at%glg:[m@cgp%dﬁtsof I‘lgm @ wﬁéﬂéﬂﬁtﬁe c@&pg‘smt)rpcoxtxﬁ?lgegﬁbgut 0. 1 to

coat ed "abr asi ve

furthe rab"&,‘tc?ﬁﬁ?l%h%‘ie‘i‘i@t °5t8‘h‘18’|"‘ﬁ‘vﬁ gt {’Eﬁéle %e&ﬁg"“t t'& 9 ab‘t“t B We‘%hh

ot her teercefiigf thanapopsticlelwederbyt @iakpe 05 AP Weighigperceptphthe

met hod pafticieet, atighn pidents basdd bl totd N kdnSiit pighe depdsoyn. ng t he
aggregates in an aqueous base to forma slurry. 50. A

I’pffto\l’)log |3fﬁ gjrh%crga%?l{)(rp fven oduc Vf\Qalm E)g eherel.n the %orr;rlg ition cpnggses about

roughné@@“RﬂPW1%%?5&%H@“%ﬁ@“ﬂﬁﬁﬁﬁ?@@emmﬂfﬁmghﬁﬁﬁﬁ?%m
abr asi \newprtidelticitr, shdrbquedfovie wagt greengllasticzeom t he
wor kpi ece, whereby the morkpiece has a final surface

roug hn gz f‘]%th%gted%lgglv duc 519 56 ‘gl'rer% §¥h§gom50|§'im cchpgSEiaabout 1t5 Re

final bei n 1 d
S|ngle4BWﬂﬁUE?mV?T%%ﬂfmﬁ@ d%& 8?%“F%§ V%gnV@mmde
productbindl. The method of claim50, wherein Raf is
not greater than 0.1Ral. 52. The nethod of claim 51,

wher ei r}S R@lg coLtc% algegfve }:Q(fd&%f ﬁglmﬁ %JgemQhegé&B@tls ada%lgﬁ for-EQ@ll

met hod of c¢laim reater than
0.01 Rafpphgd_ons aﬁi]ls g‘gectl V%lh asc orfteeth or (Icntal gﬁﬁlqv\ﬁ erein the

abr asi ve product conprlses green unfired abrasive
aggr egav.esabrisheshaggmedgék:es having a general ly

spher 0'g@éﬂ unfred dbidive Lg@laéatcﬁjtbal&ﬁ in slispr@sion, Qg b uteStRBving a generally
conpri S% a@ﬁ‘ to?o g\%f)evtﬁe agé’régzil (€S Q)gllérgslngzln%asiaerbqt [frticles and a

nanopar
nanopamcle bmdcr

40. The abrasive slurry of claim 39, wherein the aggregates are provided in an aqueous

suspension.

41. The bonded abrasive product comprising:
aggregates having a generally spheroidal or toroidal shape, the aggregates comprising an
abrasive grit particles and a nanoparticle binder; and

an inter-aggregate bond material fixing position of the aggregates with respect to each other.

42. A particulate material, comprising:
green, unfired abrasive aggregates having a generally spheroidal or toroidal shape, the
apgregates formed from a composition comprising abrasive grit particles, a nanoparticle

binder, and a plasticizer.
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43. A method for forming abrasive particulate material, comprising:

forming a slurry comprising a liquid carrier, abrasive grit particles and a nanoparticle binder;
and

spray drying the slurry to form green, unfired aggregates containing the abrasive grit particles
and the nanoparticle binder; and

classifying the aggregates for use in an abrasive product.
44. The method of claim 43, wherein the slurry further comprises a plasticizer.

45. The method of claim 43, wherein spray drying is carried out at a temperature less than

400°C.

46. The method of claim 43, wherein spray drying is carried out at a temperature less than

350°C.

47. The method of claim 43, further comprising adhering the aggregates to a substrate to form

a coated abrasive product.

48. The method of claim 43, further comprising adhering the aggregates to each other to form

a bonded abrasive product.

49. The method of claim 43, further comprising deploying the aggregates in an aqueous base

to form a slurry.

50. A method for machining a workpiece, comprising:

providing a workpiece having an initial surface roughness Ra;;

abrading the workpiece with a single abrasive product to remove material from the workpiece,
whereby the workpiece has a final surface roughness Ray and Ray is not greater than 0.2Ra;,
the final surface roughness being achieved with said single product without use of another

abrasive product.

51. The method of claim 50, wherein Ra¢ is not greater than 0.1Ra;.

52. The method of claim 51, wherein Ra is not greater than 0.05Ra;.

53. The method of claim 52, wherein Ra; is no greater than 0.01Ra;.

54. The method of claim 50, wherein the abrasive product comprises green, unfired abrasive

aggregates, the aggregates having a generally spheroidal or toroidal shape, the aggregates

comprising an abrasive grit particles and a nanoparticle binder.
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