COATED ABRASIVE PRODUCTS CONTAINING AGGREGATES
TECHNICAL FIELD The present disclosure is generally directed to
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particulate material, and methods for machining workpieces. 5
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According to another embodiment, an abrasive slurry includes green,
unfired abrasive 10aggregates provided in suspension, the aggregates
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comprising an abrasive grit particles and a nanoparticle binder.
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DESCRIBIIORNIOFOT HEE PRABOGIMENT(S)

25 The present disclosure may be better understood, and its numerous features and advantages

made apparent to those skilled in the art by referencing the accompanying drawings.

Figs 1 -3 are photomicrographs taken with a scanning electron microscope showing abrasive
aggregates including diamond grit combined with silica nanoparticles in a coating on a substrate

according to one embodiment of the present disclosure.

30 Figs 4 — 6 are photomicrographs taken with a scanning electron microscope showing abrasive
aggregates including silicon carbide grit combined with silica nanoparticles in a coating on a substrate

according to another embodiment of the present disclosure.



According to an embodiment, abrasive aggregates are provided that are
particularly suitable for 10machining operations, in which abrasion is
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abOVE S T cerﬁ?%‘fecgéltsé@feéve o TASVe grit particles generally
have a Mohs hardness of greater than about 3, and preferably from about
3 to about 10. For panieular applicatiens, the abrasive grit particles have a
Molts hardness not less than 5, 6, 7, 8, or 9. The abrasive grit particles are
generally believed to serve as the 15primary active grinding or polishing
agent in the abrasive aggregates. Examples of suitable abrasive
compositions include non-metallic, inorganic solids such as carbides,
oxides, nitrides and certain carbonaceous materials. Oxides include
silicon oxide (such as quartz, cristobalite and glassy forms), cerium oxide,
zirconium oxide, aluminum oxide. Carbides and nitrides include, but are

not limited to, silicon carbide, aluminum, boron nitride (including cubic
horon nitridea) titanitim carbhide titaniiim



20nitride, silicon nitride. Carbonaceous materials include diamond, which
broadly includes synthetic diamond, diamond-like carbon, and related
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20The abrasive aggregates according to the present disclosure also
include a nanoparticle binder material as stated above. The nanoparticle
binder generally forms a continuous matrix phase that functions to form
and hold the abrasive grit particles tegether within the abrasive
aggregates in the nature of a binder. In this respect, it should be noted
that the nanoparticle binder, while forming a continuous matrix phase, is
itself generally made up of individually identifiable nanoparticles that are
25in intimate contact, interlocked and, to a certain extent, atomically
bonded with each other. However,
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due to the green, unfired state of the thus formed aggregates, the
individual nanoparticles are generally not fused together to form grains, as

WOHRE A8 of a sintered ceramic material. As used herein, de¥cHBHHFPS1785

nanoparticle binder extends to one or multiple species of binders. While
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For example, the 25polyot may be a monomeric polyol or may be a
polymeric polycl. An exemplary monomeric polyol includes
1,2-propanediol; 1,4-propanediol; ethitene glycol; glycerin; pentaethritok
sugar alcohols such as malitol, sorbitol, isomalt, or any combination
thereof or any combination thereof An exemplary polymeric polyol
includes polyethylene glycol; polypropylene glycol; poly (tetramethylene
ether) glycol; polyethylene oxide; polypropylene oxide; a reaction product
of glycerin and propylene



30oxide, ethylene oxide, or a combination thereof; a reaction product of a
diol and a dicarboxylic acid or its derivative; a natural oil polyol; or any

WQaMBitdkEh thereof In an example, the polyol may be a poly@§i&SaN8(051785
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formed in 30 the spray drying step is substantially |mproved if the grit
particles are substantially free of accamulated Coulombic charges. Once
well mixed, the liquefied mixture, including the components of the abrasive
grit particle, the nanoparticle binder material, and the plasticizer, is then
processed in a spray dryer in order to form the abrasive aggregates.
Various spray drying apparatuses may be used, including a rotary
atomizer, a single fluid nozzle



35atomizer, and a two-fluid nozzle atomizer. For mixtures having relatively
smaller abrasive grit particles, and for forming relatively smaller
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In fact, according to certain embodiments of the present disclosure, the
method for making the aggregates cansists essentially of only the
35aforementioned mixing and spray drying steps, and quite notably, heat
treatment steps that would affect the morphology of the aggregates are
avoided. In particular, no step is carried in which the materials are heated
to extremely high temperatures in the range of from about 500C to 1000
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and compositional parameters can be modified to effect different wall
thicknesses, such as wall thicknesses not less than about 0.1, 0.15 times
the average particle size of the aggregates.



Upper limits for wall thickness may be on the order of 0.35, 0.30, 0.25, or
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grains is preferably applied to the substrate using a blade spreader to
form a coating. Alternatively, the slurcoating may be applied using slot
die, gravure, or 5 reverse gravure coating methods. The coating
thickness may range from about | to about 5 mils in thickness, after drying,
As the substrate is fed under the blade spreader at a desired coat speed,
the aggregate grain slurry is applied to the substrate in the desired
thickness. The coat speed is preferably between about 10 to about 40 feet
per minute.



The coated substrate is then heated in order to cure the resin and bond
the aggregate grains to 10 the substrate. In general, the coated substrate
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C during this curing process. In certain embodiments of the present
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radrja';@t@r %S'ighTﬂLssMM may adkﬂi&ﬂ%l &mm@ﬂér@m Wmﬁ E(Qilth&% spﬂi&ﬁent
disclosure, the abrasive product may be used for finishing and polishing
telecommunications cables. particularly fiber optic cables. Fiber optic
cables are capable of transmitting va$t-amounts of data at very high
speed in the form of light pulses. To



15allow these tight pulses to be effectively transmitted between
interconnected fiber optic cables or between a fiber optic cable and a
WR ¥ %lectronic device, however, the ends of the fiber op§id/US2008/051785
connectors must be cleanly cut or cleaved and then highly polished to
R S
gertitalfy eiPhtd HEaREF Bhiet form may be used for this purpose and
have been 200bserved to be highl effectlv for t e 0|I%hln of th% ejnds
of fiber OPHit O ARG Le 2eer e%ﬂ%a "USBEH 0T pofs Bar opheE * e
coﬁﬁeéfbffsfmméCaﬂfég?&e’é%’ét%umﬁeﬂa%@%%@P&%ﬁyﬂﬁ%&% SR
Saggregatesomrig T dfanieteE Giftkesmpines Hmsiicd Axnopafitle
bintisknefshai dty ipariche sipsrefapdidlydratbediadsipesad alsdestrideavsend.disd the
overaHgsize0fsthe agglegatesustpraierashif oot 36 toealraut S0y
MiGEaRs: bheseaggiegaias-atieupreferably bonded to a polyester 25film
substrate. Polishing of the fiber optic connector ends may be carried out
on a fibahoptic poksitighenzehdierdr suitalilerdia o0 me ttoepatishimg to
romaghing.is.ayailable fopmPomaing ERdineerng.af Rochestet.ipnesota
and may be used with the abrasive substrate fllms of the renE)res.e t

d.g%ﬁé@ﬁ‘fé"?&?ﬁ ST i & B A & O A P P ek arpia 4 Spata of
abourGOaqsmt tnciinitienls apiofied presgureidhuioatd Ef@l"@Ol n another
embodiment according to the present disclosure, the abrasive product
may be PrsediTeFisioeied et AR RS e 61 l@ﬁﬁ?ﬁg}%ﬁlﬁrﬂbﬁf@faﬂnd the
surface sistehras steed A\ haisugedfompulishisiysietab shirkroaisa s
abrasive substrate films are preferably produced from aggregates formed

15from dialrontrari Corisifwtolherp e aiisslansn S SImtiie Beedss men e giretly
partcksproferhbiybivaveer birecofhabrsisedcrmisrsmiaherthesevetamsiye of
theraggr eQatesis pratdrad hyafntanbabout 860 toubdvaeit 80 microns. 35 These
aggregates are preferably bonded to polyester film substrate. Using this
abrasivénpititieltstnages rsrbirdgpert efibe supfaicEdomsy b ebeHIPRSEr TS ¥y be
exappiploy using:a Strdeit metabipohs hmgrdchinecfinzatiabliosfromilSthefers,

20Incy sl estlake;dBhiojaparatingsatfacspeechof BOD cpndarnd, Witkbragve
ap Qéﬂatggm%r%ra@ newienswA kernativelinhardimelals wiaces meay also
be palished &&h@l@@&@é&%@&%@&@{%aﬁqﬁﬁﬁﬂ fhonmsificen.gaeaite it

CQ rgga @?lgw\{:\gg’)) %Lluﬁg\’ ria the .JIQE @(QP %‘;S%'Enﬁm t?ﬁ%@”ﬁé@ﬂxﬁ%@ QI Q&t&@&ﬂﬁa prese nt

dlsclosure ogh(era rasive pro duct may be used for stock removal, finishing
anfiop%hshlng Softer metal surfaces such as copper or brass. When used

2570r 5p0'ﬁmﬂgemﬁ@maim'éﬁﬁb&@Ja{aemrstm@gee filons e praferahly
produged from, iadgeaRls es formed from. diamand grit combined with a

silica nanopa artic Y “The grlt particles preferably have a size of about
3 t8°EMIHONS, and the overall size of the aggregates is preferably from

about 30 fo ARULE0 IS NS NS AIDICARIER ALe MISISrABN paRded to
polyester film substrate. Us| e?t |sa§§ sive ct, ms@mgdto

Im for finishing and /or polishin materl strate aterlallsj in lS
surtdtés mayve cafri 1&1 5ui or example, using a truerg metal po shlng
3010 ‘Pﬁ‘ﬁ‘&“riﬂ‘ilédfa‘i?‘éﬂé‘ﬂﬂté"f%ﬁ{@ﬁlﬁeé%’ pi’ll?@reg‘fr\‘?\/‘esyﬁ%e“@ﬁ Bipetating at a

sp&AdTONTHE Rskara - e eﬁeaapWétfrfe?fféa&ifP&efrféw?awémﬂwé%*ﬂf\?ély,
softopnetallsigrfaeesidaRrHse HaspelistedtismgrabiHive e melards
formeth trhnisiiconticariideligtisco rHiiie chiwitrsiligdave a thigmst§l befprotiaoe
empadisrenhascordingdodthespresent disclosure, the abrasive substrate
may be used for finishing and polishing coated surfaces, such as painted
surfaces. In particular, the abrasive 15substrate film may be used to buff
or polished painted automotive surfates. When used for polishing painted
automotive surfaces, the abrasive substrate films are preferably produced
from aggregates formed from silicon carbide grit embedded within a silica
nanoparticle binder. The grit particles preferably have a size of from about
3 to about 8 microns, and the overall size of the aggregates is preferably
from about 30 to about 50 microns. These aggregates are preferably
bonded to a polyester 20film substrate. Other embodiments can
particularly include finishing in dental applications. Here, an abrasive



product such as a coated abrasive, containing green, unfired aggregates
as described herein can be utilized quite successfully for finishing tooth

W aHEHEHMprosthetics. Typically the polishing of materials suBRHYIAISHS178S
described above is carried out in a multi-step, 25incremental process. The
surface | fLrstﬂp olished V\rntgtea I{F'%Eg’%'}{] coars l%b[m %%brrnatenal and then
polished S0 With A SBIREWHAT finer gHt Abrasive material. This process
mayBe EpE Y St A TsBUne Ve g&‘@ﬁ%ﬂ?&@%&f%‘ (== %ﬁ%‘i‘ﬁ% B&ing
carffsiPb iRt G S1vE et BrF4PA' eIt eh E&t Freieathjgonded
polishedstoctheedsiriutterees sfisrieuta aasslyPhisr peusithattcdtep
spolishiive prosadesre hiasngonention blljiizeen i guiredtiasdymitaliy the
grainsatarabiasivenmustibexandhe samegghiscalenstae skze ohdhend is
scratehies which ey akgila.r emi\B:daabiainnalishing Hetgcolsuse
Sucdgglﬁsgmla@mﬁ Rrodiicis.naving 2.ari.sizes ANHAIENIAN R RN Rre

eSPS%t pemure Poc%sa},gr %%%11%'19%%9&539@%9&3&9%WBQ%&%&%&L achiping

step UCE actor o t I e That is, succes J\{le finer I‘O UCtS are
10 ﬁ)[stEfn flthal 8n0 re ule{em el fl es, or whic be curgd with actinic
genera m O reduc IO réee (e. g., rom 39 micron, to 6

mlé'f‘?iﬁ“’{’du?ﬁﬁl[é}[on grit S|zes) |n order to ensure defect removal from the
precedlnﬁg machmln ste 35I contr st to thg Enventl nal mu It| sif
0 € a

nﬁem odimeilt ac o eprese 1sclosure rasive product may us
procedure owever, | een qWe surp I’Iéln unexp ec e

Bt A W VR TR B O RO B
optie EBthifeEerEnifetars SeiTa cE 2 Anarush iR U BRI st sEe® and
15dentat prosibittdsss iy Fesiysblishatita aruipgierearessqdideesdcydivyesingle,
rathewdha fitan vitipledla brbsivesproduttnis doiveals e co dteddatiitbsive product
according tudhe qeesenbdissiaah eenlHsyr@sukds gotie sunprsingead
highly. @dvapirgaeus dtbisheansksenedihalwbaacabiasya.substrates
aCGRIARY 4o IR ﬁgﬁcﬁﬁm gisclosurs A Hsed heRptisspolishingamay be
Ca”'eegvéawb%ﬁns{%xl tﬁep%mgofm'aa@o%uaAalgc&a&%gerable

reduction in the fime needed 5to achieve a desired degree of polishing
smoothRgss us@§fW§J1@§éﬁ@n89ﬂ LSAUGHOR I RS tSr Yl RBULRGIGBoUNd
by NGO rlf:i%.DE] ?\;?qn@a%Bmmagmt@gﬁmwﬂgﬁm%q famathers.
unlq ear% ergfelnea 1 qlaveearé{z% oflerl-llacgt] (]3' agg[ ?9051 g§v9ra1} s1zee er %es e?g';g]rted §SCI|SOSUI’E
£d roughness, or Ra, o f'a surlace IS a measure of the dégree of

er
var‘?ﬁfff?ﬁg ?ﬁ?ﬁ%" %troafllf%ﬂeﬁogﬂ’tcm?oﬁhese P EIACE erFO\X/léor“ ToUyhess”
25y alffe rbyaiieralif) A cidafie %?%@W&é@%ﬁﬁ%ﬁ f&' ré%%‘b‘tﬁ%?"éh"@% Rulishing
smiathbing F¥itietd AeTBBveraihire i BXAETE ArFdIRg IDESHEN the
sufecbestey\ierstirandurgy hnesbwithlreiofbbrasive itmaréiabeianifieiesurdd, the
rouglhiesshealite soolservwe tircaamitiz sty b coit glatedwit: thepglizé ragersize
of thevabgasive particles. For example, with conventional diamond grit
abrasives, the size of the diamond grit and the expected roughness values
3o0for the dhrasivesiaéntypicallipas thotews IiBlemrohdagrivsizred{rhierdnsyd
Tyﬁiﬁ@;l&@d.ﬁ@m&ﬁﬁh‘il@|ﬂe p@Rﬁiﬁlé mmrﬁﬂﬁ%%egsﬁh as steel. When used for polishing
metal surfaces, the abrasive substrate films are preferably produced from aggregates formed from
diamond grit combined with a silica nanoparticle binder. The grit particles preferably have a size of
about 1 micron, and the overall size of the aggregates is preferably from about 30 to about 80 microns.
35  These aggregates are preferably bonded to polyester film substrate. Using this abrasive product,
polishing of the surfaces may be carried out, for example, using a Struers metal polishing machine

(available from Struers, Inc. of Westlake, Ohio) operating at a speed of 600 rpm and with an applied
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151.691.060.830.610.3 15To finish or polish a surface to a desired
final maximum roughness (i.e. to a desired final minimum degree of

W@ A8 Hmexs), conventionally an abrasive must be employed R&HAGH08/051785
corresponding maximum degree of roughness. The aggregates of the
present disclosure, however, have been observed have a roughness
val (P SRR AFAY R i BifsteaRi BRI b&"@&“l‘%dr“é{“éF‘F%df‘t?é%%gates
havieyEies sifsal e &omHES ™ FiiE* 20a typical 30 micron diamond grit
particle would generally have a roughness values of about 2.5 microns (as
noted aBbReY 3B EISHSYGPe AtRRFEHHE T T HiTL 81 UitPRoI Gt
andessetlicannanBpraitecnd witeied sale Sreayter e preserPdissiodie iabe
Sheeriigig aviedehterhairaterrioughimsEndie ey prddstides tesatssefoaned
Midr@ndgamond grit dervigirdndire sige prisprgdie baléspite ¢hdsahids proforgiiniessa size
valvmpitihass keensphsesedathat shesgsameidbhaggregates ascordingto
the presentdisgiRsua Mmayhg usae iopihading pelishingisf surases. A
f'nlg»JaﬁQt %ulfiﬁsgeoﬁm%m%ﬁ§ EQUFRIPRANEINGI0.a AHARNE SR MAlHR AL well
belogg mmaval%gler}]r g?ucrs g\gshjai q%pgra? aesgééﬁ?”ﬁgo‘%j'%’!}%gh%'t

a SI Ica ag re eawttgs W IC flv% a”}t nl;?aéaa s%r aceen m tgug rarsll%ess
vaItf@ PHom aboLTS 10 aboat 6 microns. Conve (ilo affy, a ghit particle

ha\?ﬁﬁﬁgﬁeéff%“@ff%‘dm"f %?@F&H‘&?"}Egeél Wi?lﬁ‘ll&abe inquired to polish a

surface to thls degr f 5sm hn
?51 anothegembod?%egtf?ccoor tlgstoq{?S rese tclvl c r%re? nc reagl%yshtl%ta ést’ee rg UP
testing of numerous em imen E) oun at |n|t|a SUI’

routjHriEd lmwﬂesﬂr@&a%%w%%ﬁ%ﬁﬁﬁ%‘&%ﬁﬁ%&né‘}fé&cﬂ“ t%iﬁ@fé”étep
IS utilfobiealbemebatsra sibet o eRehet PoRsaf BERRSRY tHECEa BRI dpraotishing
comviertivhabsingifabheshveisrobitet. ims e Refnple prorcad Workpisehaving
an fnitiafisuriiice cohighriesé:Red wemboit immentsrivgrendeh dvesshovirthe
capability 10ef sednetigifiesiniialsuriace oughnessikal to gfpatssurface

ro L{:gtl?é‘l‘ﬁ@sﬁ@fﬁ Aolesllsfelrading thewarkpiece thedinabsedfacsolyesier
sroughogssRafbeing not greater than 0.2 Rai, such as not greater than 0.1

Rai. The foregoing achievement in the reduction o F surface roughness by
utilizing @rsiRgiedptad Wgparticularly include finishing in dental applications. Here, an abrasive
product such as a coated abrasive, containing green, unfired aggregates as described herein can be

utilized quite successfully for finishing tooth and dental prosthetics.

Typically the polishing of materials such as those described above is carried out in a multi-step,
25 incremental process. The surface is first polished with a relatively coarse abrasive material and then
polished again with a somewhat finer grit abrasive material. This process may be repeated several
times, which each successive re-polishing being carried out with a progressively finer grit abrasive
until the surface is polished to the desired degree of smoothness. This type of multi-step polishing
procedure has conventionally been required as typically the grains of an abrasive must be on the same
30  scale as the size of the scratches which they are to remove. Certain polishing protocols use
successively finer products having a grit size, and attendant Ra (with respect to both the abrasive
product and on the workpizce post-machining step) reduced by a factor of three. That is, successively
finer products are generally limited to reduction by a factor of three (e.g., from 9 micron, to 6 micron,

to 3 micron grit sizes), in order to ensure defect removal from the preceding machining step.

35 In contrast to the conventional multi-step procedure, however, it has been quite surprisingly and
unexpectedly observed that a wide variety of workpieces, from materials such as fiber optic connectors,

metals surfaces, and painted automotive surfaces, and dental prosthetics, may be polished in a single
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bears notable attention, as state of the art abrasive products are generally
quite limited in surface roughness reduction utilizing a single product.
WQreEer 198%face roughness reductions have been 15measureBlGh/U0ex051785
not greater than 0.5 Rai, and even not greater than about 0.01 Rai,
representing a notable 2 order of magnitude reduction in surface
routfRABESS e el A el S HIR OIS PRI e B8 ALy 18 Mecise
reafSening/h{prRtsEdifietts Hevsitrave Seriestfated sbereraerirg
effidagysdoftertimbssspanmitg anotedhdn onecidersfmaghitectrreedisbtion
in Rayoeancaranik piecely dnstheerizeddhat itheopiesentrgneen jnunfitecheeded
saggy egates daving:ROneiaie caipes)te wlruchiedsdespanstale for
machining through complementary simultaneous pathways. For example,
it is belieueduthatsthenaggregatessitievis tesponsitie oy tage défecte
rediGiopoRrgs cbemaMalofGriid FiGrRR-aaiaiches Th a e loRiees)or R,
Veangiiie, e DINAn; abrashe. aLs heleadg De despansibleRl.,
simuftaneous r_eciuctlon In"medium Sizeg d,e?ect , driving the Ra value of

val ly indicat f face whicl 1 d h aller variations 1
the" WRIPRBISES B AR RS FoWhWaTd And TeSreover it e believed that

the ¥z SpETE BifdaRe8@smT B dted fseuliPsemire pronshiAY: of Hetve
WOTKSTEtsds PRV R 2P NEANERS S FstResTFe PRSI BREATILY theeAkeTHatet
reghrvbrasiviahrieto rF theapptteritifcdOentoR0 dranmeiis tbisivobbetived tho figettdin
WOgk: pie te sxpected kbighaiss phasizeid ihaivisegygeiy arffiked state of the

aggregates contributes to the notablefmachining efficacy described abov
By maintainingitendgiggragates in the [green, unfireietiseageneit ygluanderstood
at the nanopartiele nQJ

D

desirable ultra-fine polishing properties of the nanopartigle particles, whigh
properties would be destroyed through higher temperature heat treatment.
That s, the-multi-aétion-nature-of the-aggregates-is-mailtained-through
controlled process gonditions, notably preventing the aggregates from
being exposed to high temperatures ¢gver any sort of notable duration.
Here, it is noted that it is likely not just temperature-alghb,-but alse-dwell
time which would 3%be responsible fqr high temperatugg aggregate
degradation. For example, during spray drying, droplets containing the
salids fraction formihg the aggregates are typically exf¥gsed to elevated |
temperatures, such as up to about 400C, for a mere few seconds, while
conventional high temperature ceramic processes such as sintering,

1scalcinatign: i the.like aeneraliutizecuell.imes.ea thadrderehikb
minutes (a4 RIS HAUES ASGRsIRAlYH LS. IRRSIDIG ABRE the.gggregates

accordingd_to the present qmb%giments may maintain their green state
correspofrding maximum degree rou, &

even upon exposure 1o e evated St’emperatures, provided that such

e'evati%é%ggﬁ!ég&&kg%%t&&'gﬁ LUEELOf SEEONES L SHRNQUICL RS thecasE:t0
ally &%&%‘Jc er(? orfao grrn;S M% QJMQQCE’&?&%%S&% Wﬁlrs,ewhile
it

the extent thal A%E‘%HE‘E[“
utillzeé. Bt IS aTvso noE[e that based on £om aratjve te§t|n angrgoration

20of A5 AR BEP T IR SRR oM posTTion can aéohﬁléxﬁfilvﬁeugﬁ%ae%gtlve.
MOPES&EERREAIR? T A HTRY BEararBrRItEmbIFTSIfes Lo RtAimAg
aggregaies brdrrrs il St el Hat e PotEB RS REYALIVE TrRpsaets THre
plagticizerhéljosbantintaimsdispersion of the abrasive grits in suspension or
slurry form, and stabilizes the suspension during processing. Upon spray
drying, EYREROGSERRRE WFEREEs ABh RIS TR (] these same

251 Oclistaestesehrdithie it brespidistieizeris aomblede fienpririnspispaces. A
composition, the resultant aggregates at first appeared not different, and
had requisite gree:n strength for handling. However, upon deployment



into an abrasive product, machining results were poor, with observed

aggregate failure. Without wishing to be bound by any particular theory. it
WO2PRS1e488%that the plasticizer enable the formation of a moreP§ilBRIPARPS 1785

sound aggregate, by maintaining grit dispersion in the slurry and uniform

dlstrlbutlon 15in the aggregate. In contr rrt]ela}rguilve exam %absent
g € surﬁace ooth cssc rref%ondm 1o ]@rou e sva ue 0 mlcron% c
plaSt S R TSRATSE § of grits, forming a wea

agd?@aé‘iés‘%ﬁjb‘jé%feft?%”ﬂ[’fr%W&ﬁ]&lf&éﬁ?f"é‘l‘%ﬁﬁﬂw&%?@%VCL?FE%
ThewnirdipriodsstebLARSH O aghe g Qa8 e AR edsilopEsenstyiAsrigr & avhich
is davexasapiéathat wasexposeddd: TGk de sdidbedratsdvéis dtwsnihg
sdiammendegiit burnout due to high temperature volatilization. The void
areas shown in Fig. 3 illustrate diamond grit positions. It is also noted that
the 20mdeefaldefbbsihiebohetitg réaiariorrambyaititie biriieriopte frjnfdtms
a selfsupgonting,acorithrsousbeattixe@fdoolishsein irvithle svig titenspeirakure
formsrshewstia, Fig b8 pihacpastinyatecnatui@niithebisderdias beemiost
due,1Q HRIRSFMENANChISIRERY HOEkhness ) EbtagAdvRNAgEMAYHDexfouRd
10in tm@eﬁ}af;gm@ma%rﬂ@Mﬁ@@ﬁg@@mﬁﬁ madsframdhe agatedaies of the

present d'%ﬁe%%afr;%@%@@%%%}@ﬁ%é}uygm@fhg%aaam wadually Asaﬁ@ their
25 efoectlvenesm n removing s % |a fro asurﬁace belr) pg §hed

or %{ ﬂISF{‘le d)r\elz\%[iﬁhgt?\ iev Hll’%rllts u\n/ e ciion.o sur ace rou ness, b

ZINg a Sin
rasives incor oratl he a §e ates of

heBresshe 6‘?&‘31%ﬁféatﬁrﬁ’5w&7é1p”ﬁée\}’é°%‘éé?f%ﬁ?é%@ﬂt"tgl’%ﬁ UhHfticantly
m;ﬁ?@b@‘é}s ey iae éé?ﬁﬂﬁHPéEf&d“&%\?@ﬁdeﬂ%P‘&ﬁfé@W@%s M%tesfials.
15Whessuste iireoppereltie applicatiorsioapragilies it 81 Seatrgstrize 2
aggregaresiobthezprdsentdistlosredgwetieen observed to retain their
effectiveness for more than twice as long as conventional abrasive
material¥hBOHmePtiry SRtk ristareaso tprierisUcatie gt sbsdiyents hepjydave
projpestivsta ndhadvianiacecot. thienpresemnidisciodurena relfliefstratiagein
furthetrdetarith therkoltowinghaoiad imiting rexansptesniinl essothéviise
20indic@ie dorﬁ@cﬂﬂlp gratutesaasexIsasaediipidegieesGelsiySinandeous
CORGRANATANS.ARR UUGSIeAMWEIaENeICERIAgaT RARRM WRAR-Hfon
OV%erg"rngM'&*%B% mr?sa&ecr@mmgqx&gas@énwﬁmwm LoAsRopder of
In% ?ﬁVEr:g C re#asglg ?()Eelsmlll 51%95“1‘] UC| !Qflrg‘l%glgl S&Zgé) cm“cc n%gvm Ittpe %AIQE?UC of

nanlé)parf'(tlc e%Ven fU CE%O\/\l/J%Vear anrCC(R/eO\léleS %l@eedttmaott Cnag aﬂgtyc?%}ﬁgcf
collid&efifea Was mixe aving an av particle

25 5iZ€OWFOL P RHERGHE p%ﬂéo\mﬁi” %fﬁ%?f/@fﬁif’l%lf‘fe "gﬂﬁ?é’s g pyg@f(‘fd@vvﬂ 138 zer
Santaeisrizes waseTReEIREAOI isRmEaL BrRbZ eron Ao aveiable
from Eka Chemicals Inc. of Marietta, Georgia, which is believed to be

aqueoud B OB LT T SR P aﬁ%‘iﬁ‘ﬁ?ﬂ BHEHA B LIS (sio2)
by Weligite efisire deisaitic €iZy BRABBR DO e BRserStEiis et oH of
abeuetoTheheompotiisisiweidarixedivpaisiioipreatbapae exent
30 Compougnbiaumnesimaviktlre réiario Ardingrit Bréiine polishing properties of the
nanoparticle particles, which properties would be destroyed through higher temperature heat treatment.
That is, the multi-action nature of the aggregates is maintained through controlled process conditions,
notably preventing the aggregates from being exposed to high temperatures over any sort of notable
duration. Here, it is noted that it is likely not just temperature alone, but also dwell time which would
35 be responsible for high temperature aggregate degradation. For example, during spray drying, droplets
containing the solids fraction forming the aggregates are typically exposed to elevated temperatures,
such as up to about 400° C, for a mere few seconds, while conventional high temperature ceramic

processes such as sintering, calcination or the like generally utilize dwell times on the order of 15
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BINDZ1L 2040 silica sot 13.2 PEG 200 0.9 Deionized water 45 10

The components were thoroughly mixed using a high shear mixer to
WE0IY R Iiform aqueous dispersion having about 20% soli®é TUA24e051785

The mixture was then spray dried using a Niro SD6.3 rotary atomizer

spray dryer with an FF-1 atomizer available from Niro, Inc. of Columbia,

M aPIRIFRCY TP TRt r A gt i el s s A BRES 10S9rHBE BIYHE SR ay
dry@oedieents My Eratiaicher siese eiiSw s PoTHRP YltRA TeiieretEiiE o the S pray
dryée weis imeiasis reditodiieha bdu 526, Thievopddy tthyindp procsegdat
subsiantiapyremorvedytirgngatesdrometigiadixture and the remaining
components were observed to form a powder of small, generally round
5aggregatéswhichl, ire tescolieoted:for estisdysigpodiout 8884ciafr fhte slurry
aggsegateparticlasiywers coliectatfromithey dryetng yClimendimiticdatsitdaout
15%nweke colleciedftemihednaindyingohdhespiay dnel.d0appasatus.
No JHHBE&M% '&%e%@&‘@%ﬁg 1}0@@&@1&“&{ gﬁirrEQomr %ﬁ?&@z@gﬁ@ g@g«gﬁon
fTh% ARS SORIES YIRIG,G X@}ym.'g]ﬁ@aumg%mgaqgfmm%ngngp\s@m@ to be
10
0

stnb tedaVPh PPa.II 1z|e(%fas Q%Qvgp 1a rtl%‘he %u com osg;og eresmeq Wlth e%':; IC|€S
e amon e averag e Size O t e a re ates colleC e rom the

cycffﬁha@pﬁ\?ﬁg’]’ﬁ %’feﬁ'd[ P& equl 88T S0 RICHORS The AVeTSo& e e ST The
aggregea%w%féalwﬁgtﬁ@lﬁ%ﬁ RIPyiY e RS B Eul A
iCrighes: (B ERXOA N Besicular Ropioiehsliiiie A Batsices caiyrise apaion of
inchugting diatierdd geitegunibimadaivithesiloeemiamo pasticlesdwas rpréthieid
15by the: fohewin gneetho crdnaqueotiss caHo idalisiticadsahlittdni (@3 I PR L
204 masvmixedowith diamond @it having anawesage pantielesize of 1.0
microns, along with a polyethylene glycol (PEG) 200 plasticizer and
deionizemlewsten dshdugompenents cwerglnbexed irFihe foltbwingdtdaaunts:
Compeapant Patndsibmbstur@obiamanddgritbunout due to high temperature
volatilization. The void areas shown in Fig. 8 illustrate diamond grit positions. It is also noted that the
20  material left behind, heat treated nanoparticle binder, clearly forms a self supporting, continuous

matrix. Of course, in the high temperature form shown in Fig. 8, the particulate nature of the binder

has been lost due to grain growth and sintering.

A further advantage may be found in the surprising durability of abrasives made from the
aggregates of the present disclosure. Abrasives typically wear down and gradually lose their
25  effectiveness in removing stock material from a surface being polished or finished with the abrasive.
Abrasives incorpofating the aggregates of the present disclosure, however, have been observed to have
significantly improved durability as compared to conventional abrasives materials. When used in
comparable applications, abrasives incorporating the aggregates of the present disclosure have been
observed to retain their effectiveness for more than twice as long as conventional abrasive materials,

30  and in some instances, up to 20 times as long.

The properties and advantage of the present disclosure are illustrated in further detail in the
following nonlimiting examples. Unless otherwise indicated, temperatures are expressed in degrees
Celsius, and concentrations are expressed in weight percentages based upon the overall dry weight of

the abrasive aggregates.
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WE0IY R Iiform aqueous dispersion having about 52% soli®é TUA24e051785
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15

20

25

30

15.75 BINDZIL 2040 silica sol 40 PEG 200 2.2 Deionized water 52.5
The components were thoroughly mixed using a high shear mixer to

5The mixture was then spray dried using the same Niro brand spray dryer.
The mixture was heated and fed into the inlet of the spray dryer at a
temperature of about 342 C. The outlet temperature of the spray dryer
was measured to be about 170 C. The spray drying process substantially
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wersdices@ininedigh delarageifiatibneaid whygnied-teblecdornaedosr g The
pPhasg ks welligddaneparticiesane:PEG combined with particles of the
diamond grit. The typical size of the 15aggregates was measured to be

about 3:50 about-45-mierons—EXARKEREES owder-of-fine
omponent ) ) k Poimdyin mlxtﬁ}ep
abrasive mond-grit combined-with-silica

nanopa RS RAY produced by the fol 06W|nn method. An agueous
colloidal BCZS3MiEHFBINDZIL 2040) WWés mixed with silicon carbide grit
(NGC 25808 ®ailable from Nanko Abra&tes, Inc. of Tokyo, Japan)
20havingpaianaserage particle size of 8|mficrons, along with a polyethylene
glycol (PEG) 200 plasticizer and deionized water. The components were

mixed in the following amounts: Component
The components were thoroughly mixed using a high shear mixer to provide a uniform aqueous

dispersion having about 20 % solids in water.

The mixture was then spray dried using a Niro SD6.3 rotary atomizer spray dryer with an FF-1

atomizer available from Niro, Inc. of Columbia, Maryland. The mixture was heated and fed into the
inlet of the spray dryer at a temperature of about 342 ©C. The outlet temperature of the spray dryer

was measured to be about 152 ©C. The spray drying process substantialty removed the water from the
mixture and the remaining components were observed to form a powder of small, generally round
apgregates which were collected for analysis. About 85 % of the aggregate particles were collected
from the dryer cyclone unit and about 15 % were collected from the main drying of the spray dryer

apparatus. No further sintering or heating was required to form the aggregates.

The aggregates were examined under magnification and observed to be formed of a phase of
silica nanoparticles and PEG combined with particles of the diamond grit. The average size of the
aggregates collected from the cyclone was measured to be about 20 microns. The average size of the

aggregates collected from the main drying chamber was about 40 microns.

EXAMPLE 2

A powder of fine abrasive aggregates including diamond grit combined with silica nanoparticles
was produced by the following method. An aqueous colloidal silica solution (BINDZIL 2040) was
mixed with diamond grit having an average particle size of 1.0 microns, along with a polyethylene
glycol (PEG) 200 plasticizer and deionized water. The components were mixed in the following

amounts:
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Pounds in mixture Silicon carbide grit 75 BINDZIL 2040 silica sol 190 PEG

200 10.5 Deionized water 25

The components were thoroughly

WORMEHUEIAY a high shear mixer to provide a uniform aqueoud?CT/US2008/051785

25dispersion having about 60 % solids in water.

The mixture was

spray dried using the same Niro brand spray dryer. The mixture was
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The aggregates were examined under magnification and observed to be formed of a phase of

silica nanoparticles and PEG combined with particles of the diamond grit. The typical size of the

15

EXAMPLE 3

aggregates was measured fo be about 35 to about 45 microns.

A powder of fine abrasive aggregates including diamond grit combined with silica nanoparticles

was produced by the following method. An aqueous colloidal silica solution (BINDZIL 2040) was

mixed with silicon carbide grit (NGC 2500, available from Nanko Abrasives, Inc. of Tokyo, Japan)

20

and deionized water. The components were mixed in the following amounts:

Component

Pounds in mixture

Silicon carbide grit

75

BINDZIL 2040 silica sol

190

PEG 200

10.5

Deionized water

25

having an average particle size of 8 microns, along with a polyethylene glycol (PEG) 200 plasticizer

The components were thoroughly mixed using a high shear mixer to provide a uniform aqueous

25

dispersion having about 60 % solids in water.

-18



Component Pounds in mixture Silicon carbide aggregates 8L6 Polyester
resin 50 Crosslinking agent 24.9 MEK solvent 75 20 The composition was
WSO Bider to provide a substantially uniform slurry mixer PCT/IS28I8ES1785

MYLAR Type A polyester brand film (available from DuPont) was used as
the substrate. The film had a thickness of 3 mils, A coating of the slurry
was appllEg i thEUpspar ¥ e st iE e BN NG A BiAyE™
coatiry sydtein T a-fivfithovasyadvancetrtrratiefhbtkic 4312 eTéming

25siation.atakateafAtestRetminuls.angddherslwiry wasg geated onto
the substrate filmyat andnitialthiskness af rapa@f%%oﬁy&erﬁ%@ BosnRleS

SSu stratee ted the e co. ter the fi hr n
extendaeptﬁvhea(t:‘fl?{rgl;;ka ﬁ(‘neraqﬁ y s% N Bt th é%g\ﬁ?ﬁ) Ougec%91 %ng\g/\%ﬁ %ﬁ%ﬂf 51;,;

waESEELY S PSP TRREHEAHAY SEETA™ "WAS Hantained ara
terfipes sl b ognBun sy e of fesen:td R s SATEHCRE T ﬂﬁ?%‘&%‘f‘?‘?g
unitatsDafepekedaste@steet per minute. As the coated film passed through
the heating unit, the resin in the slurry underwent a crosslinking gl €.
curing) reS BHRA BT EEIFY R REATAR AR OSSR ATt Phese of

10su 5 npanhytieertndBie cambingd & hgareael fispecstidstantay vBniedto
thelsulstzgateviimelythe Trosslitked resin. The finished,
aggregate-bonded substrate film was then allowed to cool and thereafter
waBMBnto a plurality of abrasive discs. The surface pro File of an

abrasive disc sample was then analyzed

In this example, a powder of silicon carbide and silica aggregates produced as described in
Example 3 above, was coated and bonded to a substrate. In order to apply the aggregate powder to the
15  substrate, a coating slurry was first prepared including the aggregate powder, a polyester resin (VITEL
3301 available from Bostik, Inc. of Wauwatos, Wisconsin), a crosslinking agent, and methyl ethyl
ketone solvent (available from Quaker City Chemicals, Inc. of Philadelphia, Pennsylvania) in the

following amounts:

Component Pounds in mixture
Silicon carbide aggregates 81.6

Polyester resin 50

Crosslinking agent 249

MEK solvent 75

20
The composition was mixed in order to provide a substantially uniform slurry mixer.

A roll of MYLAR Type A polyester brand film (available from DuPont) was used as the
substrate. The film had a thickness of 3 mils. A coating of the slurry was applied to the upper surface
of the substrate film using a blade coating system. The film was advanced through the blade coating

25 station at a rate of 40 feet per minute and the slurry was coated onto the substrate film at an initial

thickness of about 3 mils.

As the coated substrate exited the blade coater, the film was advanced through an extended

heating unit. The length of the heating section within the unit was about 37 fect and this heating 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 film passed through the heating unit, the resin in the shurry
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using a Mahr profilometer instrument from Mahr Federal Inc. of

Providence, Rhode Island in order to determine the roughness value (Ra)
W2 MALESive disc. The roughness value was measured to B&H/B8$2008/051785

microns. EXAMPLE 5 10In this example, a lapping film substrate was

coated with a combination of two aggregate tqu\{e\/agers..Tp}e first was a

underwent a grosslinking (1.e. curing) reactjon. 1ling the ng unit, this onwas |
powder hade romediamond grit and silica aggregates as described in
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agesitg aMehrrefivyicetingtiest Arnddivdpic (@i ABleyiflkosn Khesia kiapigrder to
Chemiciatshe neghofsPhilatel phia pPeirinds. vinialeinethelfolfewirg oy nss:
Compgnrent Pounds in mixture Silicon carbide aggregates 15.21 Diamond
aggregates 35.3 Polyester resin 60 Crosslinking agent 0.6 MEK solvent
45 g Remg@mposition was mixed in order to provide a substantially uniform
shiny mixer. A roll of MYLAR Type A polyester brand film was used as the

10Ssubstrate miskeafipeg hagia 2othiskness ehabatita omilsiid coatipgedithe
slugpyasasrrRied lodhe-uRpehsuiiase of ihasubsiiaiesfilnusiagma blade
coaling sy - rihefilmwas advancashiiriabstheRiade coating.statian
at g rate, of 23 Jest et inyie.and ife s gggx%v%mleam QRN oating

mils

substrate 1;jl|m at aq ml%ll thickness o{eabout

slurry was first prepare ng the Two aggregale powders, a polyester resin (available from Bostik,
15 Inc. of Wauwatos, Wisconsin), a crosslinking agent, and methyl ethyl ketone solvent (available from

Quaker City Chemicals, Inc. of Philadelphia, Pennsylvania) in the following amounts:

Component Pounds in mixture
Silicon carbide aggregates 15.21

Diamond aggregates 353

Polyester resin 60

Crosslinking agent 0.6

MEK solvent 45

The composition was mixed in order to provide a substantially uniform slurry mixer.

A roll of MYLAR Type A polyester brand film was used as the substrate. The film had a
20  thickness of about 3 mils. A coating of the slurry was applied to the upper surface of the substrate film
using a blade coating system. The film was advanced through the blade coating station at a rate 0f 25
feet per minute and the slurry was coated onto the substrate film at an initial thickness of about 2.5

mils.

As the coated subsirate exited the blade coater, the film was advanced through an extended
25  heating unit. The length of the heating section within the unit was about 37 feet and this heating section
was maintained at a temperature of about 340 °C. The coated will was advanced in the heating unit at
a speed of 25 feet per minute for a total heating time of about two minutes. As the coated film passed

through the heating unit, the resin in the slurry underwent a crosslinking (i.e. curing) reaction. Upon
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As the coated substrate exited the blade coatcr, the film was advanced
through an extended 25heating unit. The length of the heating section

WHIHOHENit was about 37 feet and this heating section waPGEI2ARES1785

at a temperature of about 340 C. The coated will was advanced in the
heating unit at a speed of 25 feet per minute for a total heating time of

ab it PR, P HTE TRk ATy ool i Be e e ey Y the
resbenirdipéesitbprpitiadrwesitsiergsSimking (i.e. curing) reaction. Upon
exiting the heating unit, this reaction was substantially complete and the
aggregatesipigie @&B@f&l’ﬂ‘i‘éﬂﬂf‘ﬁfﬁﬁtﬂ@ﬁ‘f@%ﬁ@ et iateotpm et was cut
crogsirrketrefshysive disth R mighe arodgefragate poiiderrstibsbramehnit was
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disgs. Thespifacanofleaf.anekrasivaidise sample was then analyzed
5using a Mahr profilometer instrument in order to determine the

roughngss yalue (Ra) of the abrasive disc. The roughness value was
measured to be 11.13 microns. EXAMPLE 6 A powder of fine abrasive
aggregatesvincudiagaivmipugaeoiidaigrtuheld wiihinisitidaivasproduced
by the.fellewingimethaghohnagues usicollsidal silicacwasammixed widbgrit
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a ﬁh@@lﬂaﬁr@re@Pzélmﬁab&wrz@niﬂﬁt“and a base-stabilized pH of about 10.

The components were mixed in the following amounts: 15 Component
Pounds|iocmpadtate Alum. Oxide grit 24|BiNB 41 kid@40 silica sal 62 PEG
200 3.8 Demrozet:pyater 210 2%

BINDZIL 2040 silica sol 62

PEG 200 3.8

Deionized water 210

The components were thoroughly mixed using a high shear mixer for 15 minutes to provide a

uniform aqueous dispersion.

The mixture was then spray dried using the same Niro brand spray dryer. The mixture was
heated and fed into the inlet of the spray dryer at a temperature of about 240 °C . The outlet

temperature of the spray dryer was measured to be about 120 OC. The spray drying process
substantially removed the water from the mixture and the remaining components were observed to
form a powder of small, generally round aggregates. About 15 pounds of the aggregates were collected
from the cyclone section during a 1.5 hour run of the spray dryer apparatus. No further sintering or

heating was required to form the aggregates.

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



The components were thoroughly mixed using a high shear mixer for 15
minutes to provide a uniform aqueous dispersion. The mixture was
WarEps4ady dried using the same Niro brand spray dryer. The PRiktLPROAS1785
20heated and fed into the inlet of the spray dryer at a temperature of
ab @i 2d) e o Bangutlebde mparathsenef dhesprayagivartsvas: peasyirgd to
be ahout, 12 Gchhe spray drying process substantially removed the
water from the mixture and the remaining components were observed to
foraxanpeweder of small, generally round aggregates. About 15 pounds of
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average size o the aggregates was measured using a Microtrack size
dlsfmﬁuflon analysis, using both wet and thy sample methods. The
average size was measured to be 17.08 microns by the wet sample
method |&98P%2 microns by the dry|SAHEIB H&tRod. The final moisture
content |ofltheQaggeeigates, after spray dtying, was 1,4 weight percent,
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The mixture was then spray dried using the same Niro brand spray dryer. The mixture was

heated and fed into the inlet of the spray dryer at a temperature of about 343 °C. The outlet

15  temperature of the spray dryer was measured to be about 150 ©C.  The spray dryer was operated at 350
Hertz. The spray drying process substantially removed the water from the mixture and the remaining
components were observed to form a powder of small, generally round aggregates. A total of about 26
pounds of the aggregates were collected during a 2 hour run of the spray dryer apparatus, with about 8
pounds of aggregates being collected from the main drying chamber and about 18 pounds of aggregates

20 being collected from the cyclone. No further sintering or heating was required to form the aggregates.

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. For the cyclone aggregates, the average size was measured to be 20.38 microns by the wet

25  sample method and 22.4 microns by the dry sample method. For the drying chamber aggregates, the
average size was measured to be 45.97 microns by the wet sample method and 45.91 microns by the
dry sample method. The final moisture content of the aggregates, after spray drying, was 1.76 weight
percent for the cyclone aggregates and 1.54 for the drying chamber aggregates.



10 The components were thoroughly mixed using a high shear mixer

for 15 minutes to provide a uniform agueous dispersion. The mixture
W99 Ebray dried using the same Niro brand spray dryer. FGEUR2AFRS51785

was heated and fed into the inlet of the spray dryer at a temperature of
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20 13ZpfRkx(s. 2QFurther sintering or heating was required to form the aggregates.

The aggregates were examined under magnification and observed to be formed of a phase of
silica nanoparticles and PEG combined with particles of the diamond grit. The average size of the
aggregates collected from the chamber was measured to be about 40-50 microns. The aggregates are

shown in Fig. 9.
25  EXAMPLE 9 (Diamond 1 Cyclone)

A powder of fine abrasive aggregates including diamond grit combined 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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WQRHGH92solids in water.
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0.9 Deionized water 45 10

The components were thoroughly mixed

using a high shear mixer to provide a uniform aqueous dispersion having

The mixture was then spray dRed/YSHYSPS1785

Niro SD6.3 rotary atomizer spray dryer with an FF-1 atomizer available
from Niro, Inc. of Columbia, Maryland. The mixture was heated and fed
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The aggregates were examined under magnification and observed to be formed of a phase of

silica nanoparticles and PEG combined with particles of the diamond grit. The average size of the

aggregates collected from the cyclone was measured to be about 25 microns. The aggregates are shown

in Fig.

10.

EXAMPLE 10 (NGC 2500 Chamber)

A powder of fine abrasive aggregates including NGC 2500 combined with silica nanoparticles

was produced by the following method. An aqueous colloidal silica was mixed with NGC 2500 grit

having an average particle size of 8 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

Marietta, Georgia, which is believed to be aqueous colloidal silica solution was used having about 40%

silica (Si0y) by weight, a silica particle size of about 20 nm, and a base-stabilized pH of about 10. The

components were mixed in the following amounts:
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WQ RS 1282eous dispersion having about 20% solids in watcRCT/UFHIE8/051785

15

20

25

BINDZIL 2040 silica so! 13.2 PEG 200 0.9 Deionized water 45 5The
components were thoroughly mixed using a high shear mixer to provide a

mixture was then spray dried using a Niro SD6.3 rotary atomizer spray
dryer with an FF-1 atomizer available from Niro. Inc. of Columbia,
Maryland. The mixture was heated and fed into the inlet of the spray dryer
at a terpgersmure of about 342 C. The offtrefstemipetature of the spray| dryer
10was measer®d to be about 152 C. T|Hé spray drying process
substantigifys7ameveddakae water from themmixture and the remaining
compo E@z\ﬁﬁ:le observedto forma pgwder of smalt, generatly round

QL. 0/ £ 4l

aggregates-which-were-colected-for-afalysts—About-85%of th
Dlonized water 5yy=te: ©

L
aggrege.tepatt;cleswete_cguected from-the dryer-cyclone-unitand-about

rToTrTC Ol LAV ]
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following amounts
aggregates collected from the chamber was measured to be about 40-50 microns. The aggregates are

shown in Fig. 11.
EXAMPLE 11 (CBN 9 micron Chamber)

A powder of fine abrasive aggregates including CBN combined with silica nanoparticles was
produced by the following method. An aqueous colloidal silica was mixed with CBN grit having an
average particle size of 9 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
Marietta, Georgia, which is believed to be aqueous colloidal silica solution was used having about 40%

silica (Si0y) by weight, a silica particle size of about 20 nm, and a base-stabilized pH of about 10. The

components were mixed in the following amounts:

Component Grams in mixture
CBN 9 micron 2043

BINDZIL 2040 silica sol 454

PEG 200 27.24

Deionized water 72.64




Pounds in mixture NGC 2500 75 BIND= 2040 silica sol 190 PEG 200 10.5
Deionized water 25 The components were thoroughly mixed using a

W RS & 9mixer to provide a uniform aqueous dispersion haVilyB$§08/051785
54% solids in water. 5The mixture was then spray dried using a Niro
SD6.3 rotary atomizer spray dryer with an FF-l atomizer available from

Niro, Inc O FEBIHIDIET MRAHARAE e ARl rE AL heAted ahd Ted ihto the
inletsBTYPRefieararyEr B4 tetfiferature of about 342 C. The outlet
temperature of the spray dryer was measure e about 152 C. The
spray drififg Br5CaL: e%ﬁfﬁ%’t%ﬁﬁ&iﬂf fermoved %eeggvz/%féarwf?grnﬁztcﬁgm ixtare
andHEFeRT T o BOTHPBHEHIS Wele Th e Bt a it SREHIRY 8Ll
sgeneratty sounehirag of dgatesindich weneCoHedteP§OE ahimlpsisdriizout
50 %%cef theagaregatiedpanticlesiy atecalieated femithemyenoyetone unit
and,ahQu 2% p%o@ﬂ@%iﬁpmlm%l& diryingofdha-spray.geyer
APRBFALLS N £gngJa§.; SINEING OfDEAHAY NS SSAHEMH TR EED: 386 were
A [ISSeHErs aian a@oegnyc@g%ﬁgrmgf;yﬂ%mn and
1Oobselr)’\éeeol t(f:()) b(?hec;rrpeeatesq a phase of s!llca nanoparticles and PEG
coBiFeE With partictes of the NGC grit. The average size of the

15&99f%@gggegg%ew%ﬁggxm the, chamber was,measser i he.aheu

40-50 microns.” The aggregates are sho Fi . EXAMPLE 11 (CBN
9 miCFOREHAM a@?)PEg%/”-\%%Sé\)%rp o ilerswoe}l\tlgf)ragi & ;nl] Gregates ncluding

agg
CBREEBITHEF Wit SNiA RENGHATILRES WAL S AUEE: By°tite Wifolling
metOBinAlF dgjueous colloidal silica was mixed with CBN grit having an
20avera8e article size of 9 microns, alopg with a polyethylene glycol

15 (P éé‘) ggﬁﬂf%aftegﬁaN 15 micron Chamber

A powder of fine abrasive aggregates including CBN combined with silica nanoparticles was
produced by the following method. An aqueous colloidal silica was mixed with Nickel coated CBN grit
having an average particle size of 15 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

20  Marietta, Georgia, which is believed to be aqueous colloidal silica solution was used having about 40%

silica (Si0y) by weight, a silica particle size of about 20 nm, and a base-stabilized pH of about 10. The

components were mixed in the following amounts:

Component Grams in mixture
Nickel coated CBN 15 micron 1200
BINDZIL 2040 silica sol 454
PEG 200 29
Deionized water 63
25 The components were thoroughly mixed using a high shear mixer to provide a uniform aqueous

dispersion having about 81% solids in water.

The mixture was then spray dried using a Pentronix Model 370 rotary atomizer spray dryer.

The mixture was fed at room temperature into the inlet of the spray dryer at a temperature of about 220

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

T



deionized water. The silica sol used was BINDZIL 2040, available from
Eka Chemicals Inc. of Marietta, Georgia, which is believed to be aqueous

WRaNidal Sifica solution was used having about 40% silica (SiFATHYSARIP AT 1785

a silica particle size of about 20 rim, and a base-stabilized pH of about 10.
The components were mixed in the following amounts: 25 Component
Grabre'il PribcLr e CBI T Brs T ARS BIRESZ T IS0 SHEX SBI 484 PEG
20027 2% pdiatreticwstiess Foraaliectd fippdhe fsBAeAts IR IHST SUYTy
mixelttaugifvgnahdigh Shiesa ivixer oyprovidesa Ynifgrnsagirsousdispersion
haviagraouibddesalids in water. The mixture was then spray dried
using a Pentronix Model 370 rotary atomizer spray dryer. The mixture was
sfed at rotrrdsregre reteirsiiite thisrindertifiyhtreansisbeppr eiripdr Btnadeimpiersture
of aineuitndRiGEs anfl REGOUSidemperaicy & 0f 45Y sy aie dyer virasimeasured
t0 he:Bheut98a rdh - SprmLMNiIngprocasstsubstantiallyisempeyeddhe
walgrfrapdhe mixture and the remaining components were observed to
form a powder of small, generally round aggregates which were collected
for @oalysisisAteutHdo of the aggregate particles were collected from the
dryer cyclone unit and about 95 % were collected from the main drying of
10the spray ingeroapparativsadsierfiar tiverlisgrNeti pigiorigatingh was konedired
to forpdhe.Ag0reRaiRss methollNG AGGIEYAIE W eLenexaWinEdaneasit having
magnificationand.Qbsaved 1R formechota phasesof sligananaparticles
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followmg amounts:

components Wwere le

Component Grams in mixture
NGC 2500 168

Nano Ceria 454

PEG 200 27.54

Deionized water 63

The components were thoroughly mixed using a high shear mixer to provide a uniform aqueous

20 dispersion having about 53% solids in water.

The mixture was then spray dried using a Pentronix Model 370 rotary atomizer spray dryer.
The mixture was fed at room temperature into the inlet of the spray dryer at a temperature of about 220
OC. The outlet temperature of the spray dryer was measured to be about 98 9C. The spray drying
process substantially removed the water from the mixture and the remaining components were
25  observed to form a powder of small, generally round aggregates which were collected for analysis.
About 5 % of the aggregate particles were collected from the dryer cyclone unit and about 95 % were
collected from the main drying of the spray dryer apparatus. No further sintering or heating was

required to form the aggregates.

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



A powder of fine abrasive aggregates including CBN combined with silica
nanoparticles was produced by the following method. An aqueous
WRaNidal Siflca was mixed with Nicicel coated CBN grit havingP&T/ARapagas178s
particle size of 15 microns, along with a polyethylene glycol (PEG) 200
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The components were thoroughly mixed using a high shear mixer to provide a uniform aqueous

dispersion having about 53% solids in water.

15 The mixture was then spray dried using a Pentronix Model 370 rotary atomizer spray dryer.
The mixture was fed at room temperature into the inlet of the spray dryer at a temperature of about 220
OC. The outlet temperature of the spray dryer was measured to be about 98 °C. The spray drying
process substantially removed the water from the mixture and the remaining components were
observed to form a powder of small, generally round aggregates which were collected for analysis.

20 About 5 % of the aggregate particles were collected from the dryer cyclone unit and about 95 % were
collected from the main drying of the spray dryer apparatus. No further sintering or heating was

required to form the aggregates.

The aggregates were examined under magnification and observed to be formed of a phase of
Alumina nanoparticles and PEG combined with particles of the NGC 2500 grit. The average size of
25  the aggregates collected from the chamber was measured to be about 70 microns. The aggregates are

shown in Fig. 15.
EXAMPLE 15 (NG C 2500)

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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silica nanoparticles and PEG combined with particles of the CBN grit. The
average size of the aggregates collected from the chamber was measured
WQRHIs/8H382 70 microns. The aggregates are shown in Fig. 13PEXANOBLS178S
13 (NG C 2500) 10A powder of fine abrasive aggregates including NGC
250 ined Ceria nan ticl th e —f ge foll owmg
rﬁWﬂtﬂgué%%?s e é ; BTG o

avel}géa b(gw.? lution waf ed havin a out 09 oSlhcaf ywel artlc FIZC of G)

Size of 8'micr along wi ehe giyeo
200%93%{?6&%%ﬁ8b&é‘i69ﬁ2é&‘1}\1}d9e? “Tf?é“ﬂ%fﬁ%we"cﬁ&eﬁ §’éPf {Ripg g pmounts:

Degussa AG, Advanced Nanomaterials, which is believed to be aqueous
Ceria sojubepowas used having about 4@4nSeniajuby weight, a silica
particle I5gizesaf about 38 nm, and a basge-stabilized pH of about 10.|The
componegtggTe mixed i the-fottowmggmounts: Componen[ Grams in

mixture NGE-2500-168-Nano-Cera-454F16-206-27.54 Deionized-water
63 The r‘nmnnnpntc were thorol mhl\/ mixed ||c!nr1 hlnh shear

. onized T .
mixer to [GTEAEE ¥ hiform aqueous 20683persion having ahout 53% solids

in water. The mixture was then spray dried using a Pentronix Model
370 rotary atomizer spray dr er. The mlxture was fed at roomt m erature
into the infef°Gf ‘fﬁeetsswerr%thoa‘)r)’f’élly R it STe i O nol?‘%iﬁ)oopu‘fvfﬁf)ua *THe outlet
tenflreraE e i f‘éﬂ‘?l‘dﬂ}‘é’faﬁfas measured to be about 98 C. The spray
drying process substantiall removed the wate;rl fr%)m the mixture d the
remaining COMBoRENte Were SBoBEEIEd to 10 a POWAer of S
genTéIFaﬂfWMhﬁeagg?%@ta%@Wﬁ ieh Wdte! &fdi‘reseiﬂé&%fra&’ﬁm‘y&?ém of about 220

10 9C. The outlet temperature of the spray dryer was measured to be about 98 °C. The spray drying

process substantially removed the water from the mixture and the remaining components were
observed to form a powder of small, generally round aggregates which were collected for analysis.
About 5 % of the aggregate particles were collected from the dryer cyclone unit and about 95 % were
collected from the main drying of the spray dryer apparatus. No further sintering or heating was

15  required to form the aggregates.

The aggregates were examined under magnification and observed to be formed of a phase of
Silica nanoparticles and PEG combined with particles of the NGC grit. The average size of the

aggregates collected from the chamber was measured to be about 50 microns.

In addition to being used as abrasives, in some embodiments of the present disclosure, the
20 aggregates may also be used in application other than abrasives for polishing and finishing of materials.
For instance, it is believed that the aggregates of the present disclosure may be incorporated into
lubricant formulations. The aggregates may also incorporated into composite materials for the purpose
of enhancing the strength of the composites. In addition, it is believed that the aggregates may also be

employed as a heat sink material in certain applications. The aggregates are shown in Fig. 16.

25 The foregoing description of preferred embodiments for this invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to limit the invention to
the precise form disclosed. Obvious modifications or variations are possible in light of the above
teachings. The embodiments are chosen and described in an effort to provide the best illustrations of
the principles of the invention and its practical application, and to thereby enable one of ordinary skill

30  inthe art to utilize the invention in various embodiments and with various modifications as are suited

to the particular use contemplated. All such modifications and variations are within the scope of the
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About 5 % of the aggregate particles were collected from the dryer
cyclone unit and about 95 % were collected from the main drying of the

W@ apas/Umé? apparatus. No further sintering or heating was re §GiFeSEI TP 785
the aggregates. The aggregates were examined under
magnification and observed to be formed of a phase of 30ceri
i R s s R TR
averigesize Brinke Ly grEyutty giifetted from the chamber was
measured to be about 50 microns. The aggregates are shown in Fig. 14,
EXAMPLE 14 (NO C 2500) A powder of fine abrasive aggregates
including NGC 2500 combined with Alumina 5nanoparticles was produced
by the following method. An aqueous Soft Alumina was mixed with NGC
2500 grit having an average particle size of 8 microns, along with a
polyethylene glycol (PEG) 200 plasticizer and deionized water. The
Alumina used was by Saint Gobain, which is believed to be aqueous
Alumina solution was used having about 40% Alumina) by weight, a silica
particle size of about 38 nm, and a base-stabilized p14 of about 10. The
components were mixed in the following 10amounts: Component Grams
in mixture NGC 2500 168 Alumina 454 PEG 200 27.54 Deionized water
63 The components were thoroughly mixed using a high shear mixer
to provide a uniform aqueous dispersion having about 53% solids in
water. 15The mixture was then spray dried using a Pentronix Model 370
rotary atomizer spray dryer.
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The mixture was fed at room temperature into the inlet of the spray dryer

at a temperature of about 220 C. The outlet temperature of the spray dryer
was measured to be about 98 C. The spray drying process substantially
removed the water from the mixture and the remaining components were
observed to form a powder of small, generally round aggregates which

were collected for analysis. 20About 5 % of the aggregate particles were
collected from the dryer cyclone unit and about 95 % were collected from
the main drying of the spray dryer apparatus. No further sintering or

hé4ddifd WaslrédMRd 1B form the aggregates.  The aggregates were
examined under magnification and observed to be formed of a phase of
Aiurﬂ%ina nan%)ar.ticles nd PEG combined with particles of the NGC 2500
grit. ﬁ%a%je f@é'\g?zfg %tﬁwé'&g%ates collected from the chamber
veesinseasyead to be about 70 microns. The aggregates are shown in Fig.
15. EXAMPLE 15 (NO C 2500 wder. of fine abrasive . .
ST e o Lo R S AR e sgoreen
producedhtisedrrifasivesygragetesiorvang aqesoas Wipher Silavastainidd andpe, the

NGC 2 . ) o : _ .
n polyeT B R P R Pl e
Mega STlaneear i@ ydioyco Technologies, which is believed to be

AFHERHPMSRAGIRIRICA BRI HRNSYADAARIBISHIAS 2 BRMAR WnRiHG RS Brasive

weight, a silica particle size of about 100 nm, and a base-stabilized pH of

about 107 TPEAeRSEHEm oY Siskdsst the following amounts:
Component Grams in mixture NGC 2500 168 Mega Sil 454 PEG 200

oL R A T SR AL B

shape abanedB¥OBolids in water.

3. The coated abrasive product of claim 1, wherein the particulate material has an

average particle sizewithin arange of about 10 to about 150 microns.

4. The coated abrasive product of claim 1, wherein the abrasive grit particles have an

average particle size within arange of about 0.2 micronsto 10 microns.

5. The coated abrasive product of claim 1, wherein the abrasive grit particles have a
Mohs hardness not less than 5 and comprise a material selected from the group consisting of

oxides, carbides, nitrides and carbonaceous materials.

6. The coated abrasive product of claim 5, 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.

7. The coated abrasive product of claim 1, wherein the abrasive grit particles are coated
with ametallurgical coating.
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The mixture was then spray dried using a Pentronix Model 370 rotary
atomizer spray dryer. The mixture was fed at room temperature into the
inlet of the spray dryer at a temperature of about 220 10C. The outlet
temperature of the spray dryer was measured to be about 98 C. The spray
drying process substantially removed the water from the mixture and the
remaining components were observed to form a powder of small,
gengrally round aggregates which were collected for analysjs. About 5 %
e R G R e S BT AT
averagalparti 98 Yreveteycatierates B0mthemesarsdrying of the spray dryer

apparatus. No further sintering or heating was 15required to form the
2%gregates. The aggregates were examined under magnification and

sERRRPHSD AIGIYEPECHP RASEIG 8iNdCIoAn BISAIaRAPS HA@ pipdsr is selected
from tRE GRBIRRHMILN ReBI Casuph Bxedbl Gfianitoxihe, aNRRRER%RIE 4A8 diamond.
aggregates collected from the chamber was measured to be about 50
microns. In addition to being used as abrasives, in some embodiments of
tH6. pfdemoatid cusans phed2dad greigath svineig albe banagart! dle sl avomprises
silicono&ﬁge.than abrasives for polishing and finishing of materials. For instance,
IS believed that the aggregates of the present disclosure may be
incorporated into lubricant formulations. The aggregates may also
inaorphessan b ceiv@psitRicnatel i ionihe enthesermbcithantingdhemprises a
last strength of the composites. In addition, it is believed that the aggregates
P 'Cfﬁ%ry also be employed as a heat sink material in certain applications. The
aggregates are shown in Fig. 16. 25The foregoing description of preferred

epbagineated ety entiarohaRineen Wissen akinbRIiPaSRSbcted from the

illustration and description. It is not intended to be exhaustive or to limit

group GBS BREERIAR et SenBmSTIa SRe ORRG HaRsHRR dhigrivgfo improve
disper SarafioRSBFasRRSgilIB-in digblPilibeonpReRiteachings. The embodiments

are chosen and described in an effort to provide the best illustrations of
the principles of the invention and its practical application, and to thereby
eb3iblde aeatstoralieriys BINIBORT tha mrl towigiaintine plesinizer tevirisesa

monorﬁéﬂta%qiﬁm%%ﬂg Hglt?/l‘by_arious modifications as are suited to the particular

use contemplated. All such modifications and variations are within the
scope of the invention as determined by the appended claims when
inieraresedadredaoeriiznpriith dhel dinedatiwtensin phattieizareofapiliseegaltynomeric
an itably entitled. WHAT IS IMED | . A coated abrasive
polyol T RS R o s el kRl i ovool
glycersuipstitassy tret gl antil itlelt esoriateki sdaroatipoisany gretamalimirdwrabf asivany
combi ﬁ]&%ﬁg{?et'%gfhaving a generally spheroidal or toroidal shape, the
aggregates formed from a composition comprising abrasive grit particles

and a nanoparticle binder, wherein the nanoparticle binder forms a
CORItiTHe deared thbr naser dallhist it e aBr asheecar ibl particle cartp By meric

polyol Oélétercl:ttjeudI ?rddm the group consisting of polyethylene glycol, polypropylene glycol, poly
(tetramethylene ether) glycol, polyethylene oxide, polypropylene oxide, areaction product of
glycerin and propylene oxide, ethylene oxide, or a combination thereof, areaction product of a

diol and adicarboxylic acid or its derivative, anatural oil polyol; or any combination thereof.

16. The coated abrasive product of claim 15, wherein plasticizer comprises a polymeric

polyol selected from the group consisting of areaction product of adiol and adicarboxylic acid
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2. The coated abrasive product of claim 1, wherein the aggregates have
said spheroidal shape and are hollow. 3. The coated abrasive product
of claim 1, wherein the particulate material has an average particle size
within a range of about 10 to about 150 microns. 4. The coated
abrasive product of claim 1, wherein the abrasive grit particles have an
average particle size within a range of about 0.2 microns to 10 microns.

. ..The coated abrasive product of claim 1, wherein the abrasive grit

or tS GENEILE PRVEEH R SHEPL LIRS PG B AT 2 Gomreria

polyprepigeteditidendhea rgeatipnoorodisting gifyosticheshcoprdpglizpertikiidkesr &ty ene oxide.
carbonaceous materials. 6. The coated abrasive product of claim 5,
wherein said material is selected from the group consisting of cerium
okide’ hagredAPEse PERRish MR IHIGHR BIHEP i eFer GIpRIESSS

polyethiAaiE @) eafbide, titanium nitride, silicon nitride boron nitride, diamond and
combinations thereof. 7. The coated abrasive product of claim 1,
wherein the abrasive grit particles are coated with a metallurgical coating.
818 hehexaelhrasive queodoiovfof! alai bl 1 ywwrere the el yisneo p it tistie bin thes a

r ' i 50 nanometers. 9. The

mol ec@c%zte g\gﬁa@ﬁ@ %?gua%%:ﬁoﬁ?g%gés\%ﬁgtgﬁ?ﬁe nanoparticle binder is

selected from the group consisting of cerium oxide, silicon oxide,

alemimgacziredebesil digiodued of clai i1, Foriepatenpakiiagypabyartietseind

.claim 9, wherein the nanopatrticle binder comprises silicon oxide. 11.
mate”?@éj @Q&@%ﬁg@%@ﬁa@dﬁgt%%% 1, wherein the composition further

comprises a plasticizer. 12. The coated abrasive product of claim 11,

Vtere i RRRIPRE GE St RIBCHP & S AM §NG/RERUPRE BSOS & dRASIAYCoated

salt dispersants, and a polymeric plasticizer effective to improve

onto the SHEFL AR HefHbA a0k GRt H AN R Al ¥Eps FearibRuous bangiRgmatrix in
which €eateratpirsive Brestvwsdof claim 11, wherein the plasticizer comprises a
monomeric or a polymeric polyol. 14. The coated abrasive product of
claim 13, wherein plasticizer comprises a monomeric polyol selected from
ti28. gfbesesedriag \¢f I Tyropfthaticl O 1Wherebp dreserbi sty leans! gitssial isin
I )
e e B ety
the make@edn 13, wherein plasticizer comprises a polymeric polyol selected
from the group consisting of polyethylene glycol, polypropylene glycol,
p tramethylene ether [, polyethylene oxide, polypropylene :
e R o B B AT AT R S SR e rgymo e
aggregates. combination thereof, a reaction product of a diol and a dicarboxylic
acid or its derivative, a natural oil polyol; or any combination thereof.
16. The coated abrasive product of claim 15, wherein plasticizer )
COMPHSOFFHTPRTENE PAYTL sy BetRl 18 GRreerRiaihePBIRg ses about
0.1to é@a@ti%lml ?bﬂfeatdifir@rbﬂ)@@l@ajl ' H@pefaflll | 'QI?Q,itﬂLQmi@)dﬁri_)éaﬁM%bout 80 weight
olyethylene glycol,. propylene glycaol _polyethylene oxide,
percer D g B R O BB PR CE Y A RSB TEnE e
pl asti creg tiwdighepexidets basdorTthe tmatsol ialb casieatfatiecoofpsitionl 6,
wherein the plasticizer comprises polyethylene glycol. 18. The coated
abrasive product of claim 11, wherein the polymeric plasticizer has a

n?Gte EORSIRER) ARRRMAPECENEHE GHaABAR: Y eseHHHECI0IRSi tionaempises about
comprieassleRnasve \RERSH Herdepioant aki it EH 0 BB SititoD @b/008KiS G Mdrcent

material bonding the aggregates to the substrate.  20. The coated
nanopg e RIaqs o il ?B‘P@IQ?%@%?W’%W%’E@W&%@% are slurry-coated

onto the substrate such that the polymeric bond material forms a

continuous bonding matrix in which the aggregates are dispersed. 21.

The coated abrasive product of claim 19, wherein the polymeric bond
material is in the form of a make coatdverlying the substrate, the
aggregates being adhered to the substrate by the make coat. 22. The
coated abrasive product of claim 21, further comprising a size coat
overlying the aggregates.



23. The coated abrasive product of claim 1, wherein the composition
comprises about 0.1 to about 85 weight percent of the abrasive grit
particles, from about 0.1 to about 80 weight percent of the nanoparticle
binder, and from about 0.5 to about 40 weight percent of the plasticizer,
weight percents based on the total solids content of the composition.
24. The coated abrasive product of claim 23 wherein the composition

jses a com rise abo Qto 50 ercent abrasive grit
D O Ay B AIEh T D 2 R B TR 20t dbou
15 to 40 W6 gineigHntere e adi plagriicpeeticles anaﬁbiﬁhteﬁomw/wgaswqemdampﬁrtl cle
bi nolerc:Iaim 24, wherein the composition comprises about 15 to 40 weight

percent abrasive grit particles and about 60 to 85 weight percent
nanoparticle binder. 26. A coated abrasive product, comprising: a

s%)s}&aéga[%\gbras\p@é%&ﬁe B}ﬂ}s?réﬁ“qtjonded to the substrate, the

particulate materi mprising green, Unfired abrasive aggregates having
aageheraley epgheroidal shape and are hollow, or a toroidal shape, the

JoRAPRHANLERBACHE @95&?% %H&P&‘ﬁ AR IR B 1§ Breen,

and a nanopatrticle binder. A coat brasive product, comprising:

unfi r%%&Y&?QQW%‘?%W&@W&M%BWMW 06 seexinel |y or atoroidal
shape, @%%@W@Wmﬁgmﬁeﬁm EoERAARAT R B
or toroi

a genera ly spheroidal al shape, the aggregates fo %ﬁmed from a
nanopa B HEEh comprising abrasive grit particles and a nanoparticle binder,
wherein the particulate material has an average particle size within a

2gzbtof al:% 10.to abo t 150 microns. 28. A coated abrasive
£ogts ehré'ﬁ&egrg B%ttrg?g]pémgartlculate material bonded to the

sabslbmﬂe,ﬂaaqoartlculate material comprising green, unflred abrasive

agare vin | d r | sh
a%%ﬁecg'gaﬁ rmedb Prom a &%%@ﬁlon c?é pér%s%g&a raswe gcr(ldatmp%[lrF| a%gree”
and a nanb@rdmiesbmdggregﬁesélmhg apeasiaid)sihpeniticles teroda Bhaps the

hardr_‘e_ H?ﬁi%éf?é?ﬂ b%ﬁ.ama#@g@ ﬁg‘&ﬁ%%ﬂlg Y R4hd a

consistin es carb itrides and onateous ma erials.
nanopartlcle binder,

wherein the particulate material has an average particle sizewithin arange of about 10 to
about 150 microns.

28. A coated abrasive product, comprising:

asubstrate; and

particulate material bonded to the substrate, the particul ate material comprising green,
unfired abrasive aggregates having a generally spheroidal or toroidal shape, the
aggregates formed from a composition comprising abrasive grit particles and a
nanoparticle binder,

wherein the abrasive grit particles have a Mohs hardness not less than 5 and comprise a
material selected from the group consisting of oxides, carbides, nitrides and

carbonaceous materias.
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