1 RI A D OR FLEXI BLE, MACRO POROUS ABRASI VE ARTI CLE RELATED

APPLI CATION(S) This application clainms the benefit of U S. Provisional

Appl i cat iwo 2blm/07684 203, 422, filed on Decenber 22, 2008. PTmAISeom0ios™14

teachi ngs of the above application(s) are 5incorporated herein by
reference. BACKGROUND OF THE | NVENTI ON Hi gh perfornmance abrasive
particles for use in finishing and polishi.ng include grit particles and
conposite particles. Git particles are solid grains, while conposite
particles are formed froman aggregate of small primary grit particles
10bound together within a nanoparticle binder. Conventional |y, when
grit particles are used-to finish or polish a surface to a desired :
snoot hness, the polishin rocess occurs in_several polishing steps using
abrasive grains of EAPORG grIEIs MACRRPORGUSABRASIYE ARATGIE ot ep

i nvol ves the use of grit particles of decreased size. The surface is first
polished wt relatively 15coarse abrasive material and then polished
again with a rWHQF“ﬁﬁﬁéﬁlapPKSbbrasive material. This process may be
repeated several tinmes, which each _successive re-polishing being carried
out with a pridgrappbiratiomelaimsdhe benefit ofdd gs Piavisional ArpHeatiogr Oaéé/ZB%A% i shed
to the desir gfl AGOREE Aer SADHRNGSS enfife t@&ﬁirgg%?hﬂe%il% Elgﬁi%a gsg%ie |
conposite particles offer the efficiency o achieving conparabl e surface
snoot hnes§ i mndoepeerated heyes byoreféranceven only a single polishing step. It is
believed that the primary particles, the nanoparticle binder, and the
aggregate as a whol e each achieve the steps of polishing necessary to
obtai n the fiBYalKGROUNED GEATHCENGINOIMNess. Conposite particles are
therefore favored in applications requiring fast ultra-fine polishing.

25Nevert hel ess, a Higkgefxinsinge hinasianpaticlasforesald fiskleingand poliskingod of
pol i shing that achieves, inproved surface snoothness and Igpger product
life. WD 20 lmlwk;:pp@p}qgg@g@gmes;@ﬂwﬂgcles. Grit particles are solid grains, while

composite particles are formed from an aggregate of small primary grit particles
10 bound together within a nanoparticle binder.

Conventionally, when grit particles are used to finish or polish a surface to a
desired smoothness, the polishing process occurs in several polishing steps using
abrasive grains of varying grit size. Each successive polishing step involves the use
of grit particles of decreased size. The surface is first polished with a relatively

15  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.

It has been found that use of composite particles offer the efficiency of

20  achieving comparable surface smoothness in fewer steps, or in even only a single
polishing step. It is believed that the primary particles, the nanoparticle binder, and
the aggregate as a whole each achieve the steps of polishing necessary to obtain the
final desired surface smoothness. Composite particles are therefore favored in
applications requiring fast ultra-fine polishing.

25 Nevertheless, a need exists for an abrasive article and a method of polishing

that achieves improved surface smoothness and longer product life.



SUMVARY OF THE | NVENTI ON In one aspect the invention is directed to a
macr o- porous abrasive article that includes a patterned non-woven spun | ace
subst r at ewbaviogs@1nmacr o- porous structure and a coati ngPCTRIS2@0@679Mg i S
made of a resin binder and abrasive aggregates. The abrasive aggregates are
formed froma conposition of abrasive grit particles and nanoparticle

bi nder. The coating is at |least partially enbedded into the substrate.

I n anot her aspect, the invention is directed to a nethod of formng a
macr o- porous abrasive article. The nethod includes conbining abrasive

aggr egat es f o? W¥MARIWREIFHEIN¥ENII®Nparticl es in a nanoparticle binder
with a resin binder to forma 10slurry. The slurry is then applied to a
patterned non-wovel ag@spachthe iByARGoR it drosteditp g mackrBpiOUpabratise yticladhaire so
that the slur; i 4 Lnis

t hen cured tJngﬁ%”{ﬁ%égggﬁgéégé%éfgﬁgE%%gyﬁgm%2%§§%g§é&§$%omgb$ﬁ%%%%esent

i nvent i on hasanteyadnly afiagesing komadxaiglesin bilter ald aslghsiec aggrégates. Ghe t he

i nvention Jncludes a nmacroporous cking or substrate that renoves

15subst ant al 342sEy % aegFeeatey 2 P%?é) g\%’raf COMROION QS ARIFFINE é“&ﬁ?rfl?qgs e, By

doi ng so, "l Q?a%gag%m@rbm‘deﬁgghélgggﬁagtas £ALsPREHAIY SmBIdRE fris artshystreduced,
thereby extending the cutting life of the abrasive article. Further, the
abrasive article ofnanhther aspeett therineationés difegied, to s wadthesof formpiag vingagrar | y
suitable for applications,.includin r. |1 joint. sandi.n for. e |e. The
abrasive artild us zfoﬁas%:oa[r%lp gﬁﬁ%ﬂ?@d%%@%#@lql%%rﬁ%?a%%%%ﬁsi 8t abl e
for applicatigns apH&ivcasit pRichdliih Gadopagicld kihadtiwith a RBshbinépd fogatd ons,
where either flexible or sem-rigid abrasive articles of the jinvention can
be enpl oyléd, dwey.alibosipey iethen applieddas pritginedhnorywaren SndrstsEREraly | ner

fini shing. R EF DESCRI [ - r

phot om cr ogr E}bar%ngt% gﬁroﬁ%‘g}ﬂsgg%%égﬁn@mgﬁﬁgﬁt }ﬁatsztr 3@1@6&?{%‘%@5&5@ abr asi ve
aggr egat es i naibsgategTHE B3tNid tighhi durgiatiboné chevigtegaiel draia thtirrsoamtd. cl es in a
coating on a substrate; . Figs 4 - 6 are photom crographs taken with a
scanni ng el ect ron MACPIEEEH Y CBRIWIRgN A MY PRI g G PR G4 eltﬁ%"fﬁqﬁ%ﬁ‘% silicon

carbide grit &Bg@ia@% i\Q’i/dérniogiMlﬁ sHANARESdrb @d%kfng, R sGQ@hINFat P Bves

substrate; Fig. Is a drawi ng of a patterned macro-porous substrate;
10Fi g. 8 Ehowsubatapsalfyorithende arongawad dronoh wonkpieiefdueingnise. bBy Roingso.f or t he
abrasive artli glt)gciing” or clogging that can occur is significantly reduced, thereby extending the
cutting life of the abrasive article. Further, the abrasive article of the invention can
be rigid, such as is particularly suitable for applications including drywall joint

. sanding, for example. The abrasive article, in another embodiment, can be flexible,
20  and is suitable for applications such as ophthalmic lens finishing. Other

applications, where either flexible or semi-rigid abrasive articles of the invention can

be employed, are automotive clear coat finishing and automotive primer finishing.



Fig. 9 shows a performance conparison of two different degrees of silicon
carbide bonding in the abrasive grit particles. DETAI LED DESCRI PTI ON OF THE
| NVENTI ONWOStteen78@negoi ng wi || be apparent fromthe fol IPORIUSQO0ND614
particul ar description of exanple enbodinments of the invention, as
illustrated in the acconpanying drawings in which |like reference characters
refer to the sane parts throughout the different views. The draw ngs are
not necessarily to scale, enphasis instead being placed upon illustrating
enbodi ments of the present invention. The 20 teachings of all patents,
publ i shed applications and references cited herein are incorporated by
reference in their entirety. Described in detail below are the conponents
of various enbodi ments of the abrasive article of the invention. The

abrasi ve artiBRETOPESRBIF RN OFHE RIAWENGS pat t er ned macr opor ous

substrate, a resin binder, and abrasive aggregates. The abrasive aggregates

| nol ude 25abr asi verge i L NAL bhabe%:8AdpR RRAVRE § Leheinbiolebn midpdpE 0pOr ouS

Substrate | n"one enbodi nent e macroporous substrate of

abr asi ve art ishosvimd atirbrgve apgesgaies malglifipdimmdnd goneonithesdwithatlichave been
bound to forma non\l\gven We?l The fibers can be interl ocked by a suitable
nmet hod kn RAPOPHACISP {1 2 CQPCRE Q8 3RURYPE 5 punchi ng and hydr o- ent angl enent .

Hydr o- ent angl ed wepigs are; @b pRotbRIMDgraphs taIRdANWHIRE Scanninig ek afiesiopent s,
the substrate can be hydro-entangled with a velour attachnent systemto
create a conpdwinies shupsye eagecaaies indluding sileen earbide Babtambiyed with HEchol i shi ng

tooling. The ﬁén%egr% ﬁ%itpgoa%ﬁg%%gwsu% 1 be continuous or staple fibers,
nmonofi | anent oOfr MEF I AREh = and can be fornmed fromvarious materi al s,

i ncl udi ng 10pol yneFigf 7 ber grading qflagiatteined atasro-porowrsmbatradi nent, the fi ber
is a polyester fiber. Gher materials that can be used incgude s%/nt hetic
fibers sudh as pol Jigr &p5averreperismypBiaRpmaREson gty diffegpipackingefor the
fiberglass, of, 8%%%%@%16“ bers, such as cotton or wool. The fiber can be
bet ween about * 100- denier. The substrate material is preferably

fl exi bl e and can hBige9 ahdv cparésmai& doetpasem albpotdiB@entndegresnobsideccabout 6

mm The pattern of the sub trgt e can var.é, but shoul d incl ude nacropores,
such as t hoseS@REGROpnE{ythe #bragive GHERRTHEFSI n, the term "macropor ous” neans
havi ng a pore size between about 15 microns to about 3 nm These nacropores

of the macroporous_ substr I rf accunul ation during the
pol i shi ng opeP&TNHEDﬁéSQ%@ﬁ@N @@ﬁﬁéﬁﬁgﬁ@ﬁ@@ article to be 20conpliant,
so that it can conformto.i rr_eﬁul ar sanded Eh?ﬁ)es., In-addition, the

macr opor ek’ al | ow f ITh¢ fscapirg wihbs srpasRaiemitBe 199N RHPBTRF EHE web,

preventing | Oagsjcﬂgti(g{ oﬁ&gmﬁgr&%o\ﬁﬁn@r{tg bEE invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating embodiments of the present invention. The
20 teachings of all patents, published applications and references cited herein are
incorporated by reference in their entirety. Described in detail below are the
components of various embodiments of the abrasive article of the invention.
The abrasive article of the invention includes a patterned macroporous

substrate, a resin binder, and abrasive aggregates. The abrasive aggregates include

25  abrasive grit particles and a nanoparticle binder.



Abr asi ve Aggregate Particles As used herein, the term "aggregate" nmay be
used to refer to a particle made 250f a plurality of smaller particles that
have beerwoemwated1i n such a manner that it is rel ativelpgTdiskdomooetonst o
separate or disintegrate the aggregate payticle into smaller particles by
the application of pressure or agitation. This is in contrast to the term
"aggl onerate,” which is used to refer to a particle nade of a plurality of
smal l er particles which have been conbined in such a manner that it is
relatively eagycbBo30dtgisphearate into the snaller particles, such as by
the application of pressure or hand agitation. Generally, agglonerates form
spont aneously in slhwneygmbodimentitispeasioporous Substrate f dggbegateastictust thbe
formed by a specific t hod, such as those described in U S, Patent. No.
6757 025 anditnioads SrRPERomeiiich BRphedes BRTI0 T SagaSevBiten 1120

" Coat ed Abr asfipgs EmaUsles o SRA I A HunabIAGUHRIRkRSN inPhe 2%, 30EH Bdheelile! €d On
January 23, 2008, the teachings of which are incorporated herein in their
entirety. STheovaghing gad bxdramutanglegsnp oldy dre-estangteduyads afaadsukiang 4sotspun
abrasive grits._ th hay i Lt hin e._mGr rticl nd a ,
nanoparticle lg?endgl& S?fﬁ%gmg?dé#gtés hte ﬁ‘ébsrtr%t]er(iaQ b%fh% %éénééng%?%(%‘gﬁggi’vﬁ%&ﬁi ch the
abrasi ve gri t#taskmaere Rhactdes cebteaaivhdosedsubitite edth it ficbattagabiigatoake ar e

utilized in the abrasive material w thout notable post-fornmation heat
treatnent, swRASHELEglEnilnglibsisof drg sulstrale cansbs SpatareysLEsiapis, 1eBnni ch
alters the cr i "n%ﬁm' i i i t | ren young' s
nodul us, and %ﬁ%ﬂl%@%ﬁcﬁ t eﬁlg%‘g}r‘gég‘% éés%y begﬁgﬁé%gg? \?@g{é% r’]:'rrlt%drsletha%’r %Elgglg s are
commonl y 1€@ar rpcdymeuibernarcgrarifiber do ess emgodioept, O fiteer isapdleesperdbect s, but

are not utilized herein.. Suitable heat treatne steps ar ener al |
carried out i 5‘@&’6‘@?&”@@%8% © Ugrgenc Bﬁehﬁ’r“gﬁ“ff ?‘Q?B’SGP&SW%I%BPQB%%J
I ndeed, tenpesAldihAsnd aPloRARYY, steel, Fbef1dss WPnARPM iR Gudhs@h@s ol 200C and.

above for certaln ceranic species. Vihen vi ewed under magnification,
t he aggr egat esodlavide dibgesrarts|Hepwesprabooi HRH2MNalseier.bei ng characteri zed as

rounded or spherical as seen in the scannifg.electron m.cr hs of Figs.
4 - 6. In sone insfléenséligt,rg(f‘lg\?gl}lgt 15 Wﬁcragg'g@%é@f: ggé ﬁ’aél;h of aot %%‘?e\%%d to have a

voi d nearyst heb GRBEIboaf 300NRicRGUARA0At @At t s parh b the suBdiarre@ntvarypi d or
torus-li ke shape as seen in the scanni n(% el ectron rric;og‘rﬁaphs of, Fi gs. -
|7

. n o g
3. 1 ndi vi dual byssheyld insdudsrmackeposgss sudhvas tapse shomie &y Fig Spedieasinibe gri t

b b ‘ |
winin che i redp; BpoEBloBErhet v ifc St LRS- PIbE: BBRE PRV aua

ew 1 nstance of the i
grit particl esnt| Theee igciopget betheamdrdrows substentofiottonty edgeegate. It is

noted that Figs. 1-6 show djsper.sed, _ . .
gccumulation during the %o[ish%ng operation, but also allow the abrasive article to be

20  compliant, so that it can conform to irregular sanded shapes. In addition, the
macropores allow fluids and sanding swarf to flow through the web, preventing

loading of the abrasive article.

Abrasive Aggregate Particles
 As used herein, the term “aggregate” may be used to refer to a particle made
25  of a plurality of smaller particles that have been combined in such a manner that it is
relatively difficult to separate or disintegrate the aggregate particle into smaller
particles by the application of pressure or agitation. This is in contrast to the term
“agglomerate,” which is used to refer to a particle made of a plurality of smaller
particles which have been combined in such a manner that it is relatively easy to
30 disintegrate into the smaller particles, such as by the application of pressure or hand

agitation. Generally, agglomerates form spontaneously in slurry or in dispersion,



25i ndi vi dual aggregates that are bound together in a resin binder system
The size and size range of the aggregates may be adjusted and nay depend on
many factwo010/a1604udi ng t he conposition of the m xture &ad/US260906p4 ay
dryer is used in aggregate formation, thg%§pray dryer feed rate. For
exanpl e, abrasive aggregates of sizes including those of approximately 20
m crons, 35 mcrons, 40 30 mcrons, and 45 m crons can be produced using a

spray dryer. ik pel . ive i i.cl.es;rangi ng
rom about 5 Taapsieds AREE: ey B 0B BB 6BSF biShER bE

FuLt her st udyJ.Sf Pathe Nab66&i7y02 3 agd l bgtat] Ssatdsaatere VadliedionNdd. 1Q€1888N
spheroids are hqgllow Wwhile others are essentially filled wth_grain and/or
nanoparticl e %f‘ﬁﬁ%_r&%ij PRRSHEr t'P ‘F‘é%%e&tﬁmb‘_ég ABHFEYES ool 218t1igi Lied SRel | ed
racquet bal | 5anhigy bHDoR8V@E keabhine KBS AiMatdihBorBoraf9R & PR enreB8 1O
about 0.4 tines the average particle size of 5 the aggregates. Process

par anet er § ankhecgggsies howa copapaaite stengure aincludinghdilf abeakivogk fhat hadiaf f er ent
wal | thicknesses...l.n . sone enbodi nents, .the abrasi ye .aggl onerates are those
doscr | bed | n e R BTG ANEY 5i Ssd i iR PR, e AT B PRopl i cat | on
No. 12/01858%maftkiof liRthgereGaRti® hhiNI tBS bb@sie 9atsGESerlbdidall Bt BehtAHaEd egat es, ™
of Starling, filed on January 23, 2008, the teachings of which are

10i ncor por at ed hereipicaily, thpaggregaies arewjilizeship kg shsastyq matpriph wishass notyble

abrasive grit_partlicl e 4 t | F1i.cle
generally ha é)ggfok}t%l%&ﬁ%%agﬁézgél%%g]sggr}leaast e%l@ﬁ%ﬁ%%%[ﬁ)gé%&@ﬁ%%% €rably from
about 3 110 abohith difers HercrpddlliteGideagradpgitd, daddit9nensiletreahagoung’sgr i t

particles have Mohs_ 15har dness not | ess than about 5, 6, 7, 8, or 9. The
abrasi ve gri tmaHes enddiedike ofHikeiegragoiepe P fsat eptREPRIOGESSESRE pri mary
active grindi el lishi il r.as; r | es of
sui tabl e abraésa?{l\?géncg%ég?? ?%Ir%ggl%%%f Bg)ggﬁglr%at mliff%ﬁg% o?%%ﬁ??é??ﬁs such
as car bi des, wizedberemi tSuitdlels haatdreandmistepe anclponaekdp cmrindverinakesess @i des

include sili Gout iﬂog&, éeslllélgaﬁyaagoﬁ%r()t’é 'and 21. ()S\;[ep r?&eiea,eter%ggraaxlrgsscsa}g easily
15  range from about 800°C to about 1200°C and above for certain ceramic species.

When viewed under magnification, the aggregates have a generally
spheroidal shape, being characterized as rounded or spherical as seen in the scanning
electron micrographs of Figs. 4 — 6. In some instances, however, the aggregates
may be observed to have a void near the center of the aggregate and thus exhibit a

20  more toroid or torus-like shape as seen in the scanning electron micrographs of Figs.
1 — 3. Individual particles of the abrasive grit material, such diamond grit, may be
observed to be dispersed over the surface of the aggregates and within the interior
thereof, with relatively few instance of the individual grit particles clumping
together on the surface of the aggregate. It is noted that Figs. 1-6 show dispersed,

25  individual aggregates that are bound together in a resin binder system.

The size and size range of the aggregates may be adjusted and may depend
on many factors, including the composition of the mixture and, if a spray dryer is
used in aggregate formation, the spray dryer feed rate. For example, abrasive
aggregates of sizes including those of approximately 20 microns, 35 microns, 40

30  microns, and 45 microns can be produced using a spray dryer. These aggregates can

include abrasive grit particles ranging from about 5 to about 8 microns.



20f orms), cerium oxide, zirconium oxide, alum num oxide. Carbides and
nitrides include, but are not limted to, silicon carbide, alum num boron
nitride (Woebwdi7agicubi c boron nitride), titani um carbi @eT/usS2eo 065193
nitride, silicon nitride. Carbonaceous negerlals i ncl ude di anond, which
broadly includes synthetic dianond, dianond-Iike carbon, and related
carbonaceous nmaterials such as fuIIerlte 25and aggregate di anond nanor ods.

ML STLRLS Ry @ SOl ey Br e dfed ggr%gatgfga%rraéayedgﬁ%%ggpgglg@ggﬁg

m neral s, such as garne Tri's corun by way

of ex arrpl e. GCet halldw, emﬂnmbtha@hﬁe leserftllaEy fitles evith gdais ahd'stinaophaikle dadeant age
of di anond, silicon carblde al um num oxi de, di /OrigﬁrIUHIOXId

materials, wENIQY arsaks e Pryanaiegiredts tyek-slglled rycayet }V’é’mglanwébdi tion,
those of 30skjld s Wit APREAGL 3F Endui BlosMBLHOND LHRACE HEATBASE birfls spe3esS| Ng

t he desired hardness characteristics may be used as abrasive grit particles
i n the abrbasitieaggrggaeatRracess$ pahmepresentontiositicoslyrasamdters aaia be inodifiedi xt ur es

of two or nore sive ri WO 2 07504 [ US2009/ 067914 7
particles caﬁoﬁg%9§§§%FHth@a§ i%ﬁ%ﬁ%@ﬂ'%éW*% H%%ﬁ "B'de has been
found to be pabididth@s |aﬁé tﬁésfe%fé&dﬁb%d #H U, Pakdnt NA! 6,767,027 id Used Rafehe

pr esent abraS|ve article. particular, the silicon carbide is preferably

about 21% by Beéergmppbommd\lo H2{0 18489 eatitlpd, Heeairbh bebiaPrabysssdridtansat 80%
by wei-ght ‘bon

As,, b f
a wide varletgg%?g %?aé?@%ﬂﬁgifkgartl 29293:ﬂﬁg] g%mfRBgQQ{ﬂﬁg %ﬁ:h@%lgn

O the foregoinb@pofidd ierdiidhetichtiteie and di amond are consi dered
"super abr asi ve" partlcles and have found w despread comrercial use for

speci al i zed machi nin ogeratlons including highly critical polishing
oper ati ons. ritfgrt sive grit particles may be treated so as 10to
forma metal | urgi cg) BRGNS hiHoith WBlocRBhtd Ghisil pficlO

gat

i ncorporation into the agyr e superabrasive grits are part|cularly
suitable for g:@ﬁtal]lyglava' ¥ M@tmlharrmead cbﬁgrg;tcxetharcm Agandi m@ﬂewé’ fnprolabput 3

titanium copper r and ures t raI t he
size of the a r%’QPK/Lp gr's rtpaggpflairgp]éécaf lreﬁéverﬁrgrpg 151 ha ® %g);%ange
used herejq, {HEndShHl | @tﬁﬁ@@&fuks%ez 3, &w neeabmdvetgmr;@ﬁ&nestaoe gerpailly cI e
having an average partlcle size of from about 0.1 microns to about 50

nmicrons, pref belavyby tosstvd asshe pHaaryasoe gDn@nﬁptP@‘Fﬁ@m%&&m(ﬁh@bﬁ%‘f%ns or
abOUt 0.75 mcr Onsaltffar}iq(a es%l% Su&a%lie abt}% po%osﬁ%n&r&ﬁﬁ%%on%&h@? not

greater t han 450
inorganic solids such as carbides, oxides, nitrides and certain carbonaceous

materials. Oxides include silicon oxide (such as quartz, cristobalite and glassy

20  forms), cerium oxide, zirconium oxide, aluminum oxide. Carbides and nitrides
include, but are not limited to, silicon carbide, aluminum, boron nitride (including
cubic boron nitride), titanium carbide, titanium nitride, silicon nitride. |
Carbonaceous materials include diamond, which broadly includes synthetic
diamond, diamond-like carbon, and related carbonaceous materials such as fullerite

25  and aggregate diamond nanorods. Materials may also include a wide range of
naturally occurring mined minerals, such as garnet, cristobalite, quartz, corundum,
feldspar, by way of example. Certain embodiments of the present disclosure, take
advantage of diamond, silicon carbide, aluminum oxide, and /or cerium oxide
materials, with diamond being shown to be notably effective. In addition, those of

30 skill will appreciate that various other compositions possessing the desired hardness
characteristics may be used as abrasive grit particles in the abrasive aggregates of

the present disclosure. In addition, mixtures of two or more different abrasive grit



m crons. Particul ar enbodi nents have an average particle size from about
0.5 20m crons to about 10 mcrons. The size of the abrasive grit particles
can vary wpanowdisodtype of grit particles being used. ForCeEsamoas7dé anond
grit particles can have the size of about, 0.5 to about 2 microns, silicon
carbide grit particles can have the size of about 3 to about 8 nicrons, and
al um num oxide grit particles can have a size of about 3 to about 5

m crons. 25It_shoul d he noted,that the abrasive grit,particles be

for med of _abmiti e dadBalal Bing M dalFefsh SN G e PRS el Bing e

aggr egat e nanepailldrl @fectild 8UYbrit P €cl€ RE krythe Pecsalradsisie agidd. Sinar e f or ned
of single particles within the mcroparticle range. As used herein, the

. ey . . n .
t er m " nanopariartéquéar; thegijicpe cybidg is prefepldy abeut2 1jaby weicht bendehduagamver age
particle siz t : typically |l ess than
about 100 nnﬁa@%ﬂ%%?g%%ﬁﬁﬁ¥u%@%ﬁ%%&%?%?ggg}ggﬁﬁp%ggg? 50 nm For instance,
a plurality of nangs sicn&bbahrmirsashdofash itled fesegrye deecriigonegatiddatiogeatther WO
2010/ 075041PCT/ US2009/ 067914 to prqyi e a gnﬁro article of diamgnd grit.
The size of tAVEASRHISTEREPGRICHSIRARE HilizPRd eabodimeyis g B dhdoFrgoligottitihe type of

grit particl ey, hehingidsftianbe ﬁ@%@%i&&ecﬂ@u&ner@@faﬁﬁ@’l’ BAiBRY, -anll RafieRERA! .
constitute between about 0.1 %to about 85% of the aggregates. The

aggr egat es nowidespreddercabhgrciahuieldesizetalieshmativuing bpeiationsabshdirgOtigly wei ght
of the abrasive. grit. particles. he ,abr.asi ve regat.es be forned
Usi ng. a5 ngl SR SRR EsPEERgRs. dirten S #ERe eI ol G £
particl e 1@nd th ek & sidIRgicATBEDHRSChe DRihidhal fagidies gridk eslinkorpbRgiofass r ed
polishing application. In the alternative, mxtures of two or nore
differently sheegeragatessiThe sypembigaive gtilsese parjicwarly setrbiefor epingat ypisak o
form abr asi ve [ te ' _char: | St ttributable
to enoh of 1 RECGMTEERARLCRE 8 RYERBARR BpBOTREL BRI SR d

aggr egat es acapt@efHthetcdft he present di sclosure also include a nanoparticle

bi nder material as stated abagve._ The nanoparticle hinder generally 15 forns
a continuous mat ri% g5R&Ek thawee ofithe ehianye eBt pBHHES %F‘H(S‘Fed%’toﬁ‘é’agtﬁl%si ve grit

particl es st oggf her A%Qaih@rgﬂqﬂ@gﬁ&' o gaeﬁg%gﬁ%ﬂseh*%&ré?ait%%aafd@

binder. I'n this“respect, 1t shou not ed t hat e nanoparticle binder,
whi | e for m nohawinpoat dvetnge partela size pifase abig 0t sedréngtenboet] I0yminecde, up of
individually id

i nterl ocked amag?%%; Iﬁg l@?%tg?%hnﬁg;‘; é'ﬁfﬂl“%%%%g@g}auaﬁ t‘f‘lngliflél?rtdﬁ gﬁ‘%"ﬁgrcgn}—g\?\;{/er :
due to the grgRensUMd AQEr&katiBarPibolih®0 thdtend, Ghidred R gice@AtHas ab&illg 0
microns. Particular embodiments have an average particle size from about 0.5

20  microns to about 10 microns. The size of the abrasive grit particles can vary upon
the type of grit particles being used. For example, diamond grit particles can have
the size of about 0.5 to about 2 microns, silicon carbide grit particles can have the
size of about 3 to about 8 microns, and aluminum oxide grit particles can have a size
of about 3 to about 5 microns.

25 It should be noted that the abrasive grit particles can be formed of abrasive
aggregates of smaller particles such as abrasive aggregate nanoparticles, though
more commonly the abrasive grits are formed of single particles within the
microparticle range. As used herein, the term “nanoparticle,” may be used to refer
to a particle having an average particle size of from about 5 nm to about 150 nm,

30 typically less than abbut 100 nm, 80 nm, 60 nm, 50 nm, or less than about 50 nm.

For instance, a plurality of nano-sized diamond particles may be aggregated together



i ndi vi dual nanoparticles are generally not fused together to form grains,
as in the case of a sintered ceramic material. As used herein, description
of nanopawOi2eloe7bi4mder extends to one or nultiple speci esTafS2eoned®is. The
nanoparticle binder material may conprisg very fine ceramc and

25car bonaceous particles such as nano-sized silicon dioxide in a liquid
colloid or suspension (known as colloidal silica). Nanoparticle binder
material s may, ;ﬂ(ﬁ@dé QgJi&g artiQUbf @faﬁxo@ggrik.' Thd §9 bBhe GHabi0Ok gﬁ{ pehi B O
nano-si zed cerium oxi de, hano-si ze I anond, and m xtures er eof .

Col | oi dal si hviacadépengingfupon ga tfor ofuse pagicldsdeimegnspdrticl e binder in certain
enbodi nents of th resent disclosure. For ex | e, 30comerci al |

avai |l abl e nanopar ﬁ}%%rﬁ‘ﬁcfﬁ@a’ftﬁ Oy & %eélé’f‘?idngEWtE‘ﬁ Sg%effllﬁ‘ﬁ?‘s Orlryl(gﬂtﬂde t he
col I oi dal  si ldye@ $0k WF RN R &{@;Erh@%%dgﬁtéy%rle pA34QblyaNahde®eend from Eka
Chem cals Inc. of Marietta, orgia) and NEXSIL 20 (avail able from Nyacol
Nano Tech#ol agiais] 0% heabat SASHIyamedghtive Sheaathiases gréf)particles.  The abr asi ve
aggregates also c i ncl ude anot her terial, which.ser i i as a
a5t et ser - al'so- Mot a R BE Ml OB PRl R S58 oRI Rl b

Sabr asi ve grigaridlé Rhdsikoer hggriegatiels an®ue resuliahtadgovais Gotsisingailored
tenperatures used, the plasticizer is believed to remain jn the aggregates,
and has been tqibmdasirréaolishingarniipatiog. By therrdterpgtive M Wes ¢l tvoRREIVS I s ( TGA) .
The pl asti ci .Zcﬁffer@ggg 84 §&a§§§g§gpalrt@cl&% ' Bgu&ggﬁ\t,cﬁﬁﬁintaﬁ&i Qf fofm BBLIVE! €S
and nanoparticl'é binder materidal ‘in an aggregate when the mxture Is
spray-dril@d. 4bQRIgatsihavingndvinnpkotdehhoicteriot gantiributbtt tb recihgefithegnit eri al s,

i ncludi ng surfactants and ot her surface tension nodifying species.

Particul ar enf6di#eiKES make use of organic species, such as pol ymers and
nononers. I n an exenplary enbodi nent, the plasticizer is a polyol. For
exanpl e, the naloaticENinger @ nononeric polyol or may be a polyneric polyol.
An exenpl ary mononeri ¢ pol'yol 15includes 1, 2-propanediol; 1,4-propanediol;
et hyl ene gl ycol ; glyc@risive ggeneates pedordingto theugesendisderpresalsuivrlvds anal i t ol |
sorbitol, isomalt, .or .any conbi nati.gn,thereaf.: fage]l i t her eof .
An exenpl ary W?%P{ecb”ﬁ%elr%alteriaggﬁ ﬁ%‘ggg%%{eyg{hﬁf? é(g@?%ﬁl%@%ﬁ !?{]%%%’%g?]opyl ene
glycol; pgy fohatkaseidivuenaust herd tat fieolionspolfyret md lene thexibdsive grit

pol ypropyl ene oxi de; a reactjon product of glycerin and 0 I%ne.oxide,

et hyl ene” 20oxpaticlentogathgbyibhingbe @h’ia%lYf‘eﬁ*%é?%,aeé1?@??&%“6?1%)?%6@%% 8ty di ol
and a di carbo 1.C.aG] i i VL3 r ali104 1 any
conbi nati on tﬁ%}%eecgffﬁlloﬂl&a)%e Aeoiidn% et,hgﬁ %%O\f’g%tf&om%%fﬁhlel@?r%g% y%e/gngrn Q(E)%SI yol ,
such as react nafixpsiostid Ssedf geacdllpmadadp af didiedbadlyilendifablechapepartiges
derivative. In another, exanple,

pol yer hyl ene BRGESI TSIyOFObHaHe ghEdRe. o GelRyiame cortih eade 2

20  other. However, due to the green, unfired state of the thus formed aggregates, the

individual nanoparticles are generally not fused together to form grains, as in the
case of a sintered ceramic material. As used herein, deécﬁption of nanoparticle
binder extends to one or multiple species of binders. k
The nanoparticle binder material may comprise very fine ceramic and
25  carbonaceous particles such as nano-sized silicon dioxide in a liquid colloid or
suspension (known as colloidal silica). Nanoparticle binder materials may also
include, but are not limited to, colloidal alumina, nano-sized cerium oxide, nano-
sized diamond, and mixtures thereof. Colloidal silica is preferred for use as the
nanoparticle binder in certain embodiments of the present disclosure. For example,
30 commercially available nanoparticle binders that have been used successfully

include the colloidal silica solutions BINDZEL 2040 BINDZIL 2040 (available



25pol ypropyl ene oxide, or a reaction product of glycerin and propyl ene

oxi de or ethylene oxide. In particular, the plasticizer includes

pol yet hylwoeoglorsat (PEG . Formi ng the Abrasive Articl ePCT/US2009/067Phe
coating of the abrasive article is initigly a slurry of abrasive
aggregates 30 and a binder used to adhere the aggregates onto a surface of
a substrate. The binder is preferabl y a pol yrreri c resin binder. Suitable
polymeric re i 010/ 009/ 067914 - 10 -
pol yesters, z%%?()@%g%eﬁscsalgﬂ yur e?rﬁaﬁe eo‘}%b ﬁ@igﬁ%ﬁ @Fép’f B

pol ymet hacr y Ntaesl Npal Yaohnylogizh) Iat.i dfesshlapa) M@@@yﬂl@e@s) pol ysi | oxane,
silicones, cellulose acetates, nitrocellul ose, natural rubber, starch,

shel lac, and m xt uébrasBiecgatcerise alsp Fyihiaelude paather mefgrigeviich wavsy heat or
other radiat i I ate
resin. In ad i{?r;ag%@? §o ? ﬁ?é‘gﬁ?@%ﬁ%ﬁ?\dﬁe (g ééa%t q? Hm\éuftgwsggjélgrﬁg?g ly al so
i ncludes a scalbrkeme ssifl chtharstheap eregates. amumroghmim polcvsity tanderatupsluga®r i
resin rraterl The.sluryr addi t i.onal corrprl her g ients to
form a bi nder Les?/l@ftécﬁ?eﬂé%l?%‘r‘? ttoorelﬁt%lr’i‘oln{glPﬁa-a %&F%F%q‘@ﬁtt‘é Cg
substrate. Themantgy tﬁ@ﬂﬂ?&?%&éﬁnﬁ@tri‘c%né@gg epghl YTllf@HTa%‘t?&Izét'%h aldoQssigxanpl e,
a high shear m xer. aggregatés, resin and optional additives are
combi ned t ogen heldinggogehen thherlsﬂ?alfmlys arghenoptisle Uirrder maiteriehined agptegatehe
substrate to q}ent astXt artl al | ¥ g&netrate the substrate. The slurry is
preferably ap P8 RIBETFE e usi ng a bl ade spreader to forma
coating. 14l ter nat iNgftigizetsHBclalidbotl ofRdid dhd iR gakie nadlal$ thcligiinag sl ot di e,
roll, 15 transfer, gravure or reverse gravure coating nethods. As the
substrate is SPEactypsard pther pirkge lapips amsifyae wedesi Pastcwamambogaeents t he
aggregate gr e t I8

t hi ckness. Fhde QBF rglggllc\%/g&éérsf &ﬁ%%g@@ﬁmﬁe‘ﬂ??y{dﬁ%ﬁ?ﬂq&%% Ig%%gnl O;Qy
dependi ng on elmiwdnu@h thbplaaggredat polyoRtiongxpeaples thatpelyot hay debst r at e.
Partial penetration vy dﬁgﬁﬂg a 2 flex bl e, abr asi ve artlfle whil e compl ete
penetration GROMMEETEPRANNGT &8¢ PR Wﬁlcd)oé\‘o A gAY YH’(?P%@FI’\}%P%JV% cle.
As used rei I r a .smal |
as about hg 3 lﬁﬁgﬁl&r éd?ﬁ@né&l&uggdg ' ere|&Ir(1)g%fdﬁn‘Jgﬁtegr&n?Oqlsgelfn('%?i (ﬂ g“ e}ﬁh%l

def or mabl e orsuparadiabbk such abmalitohsodital, |1s0asal1aoﬂanyn@nblmilousher¢t§" us@d

h the t fl f b bl e t N
Cbout a 174 icumuspE st ATl SAETRE rRlrar FebREr PolPadRuelBi: 72 o
can be added &Woﬁﬂ&e@ﬁd&@&ﬂﬁ(t@t@zﬁﬁétﬁﬁeﬁ@étﬁ&) ¥BIcbRYslyathdldhe ik cat i on

met hods, such as gravity application, slurry, electrostatic coating, or
el ectrostati @Oé)mr@@ylenerpm@mratrwﬁon awdaﬁtqflgésec@rlngn@prw@a@pgidﬁg&t@d@m can be

added to 2bhe OXl a(s)% 2\1/ 80m Iat%n threI%OID Lérrggc%on 'Fr&ium 6% cth%fa i &%Lg)}}}lﬁ%cﬂf

or its derivative; a natural oil polyol; or any combination thereof. In an example, the

rigid,

polyol may be a polyester polyol, such as reaction products of a diol and a

dicarboxylic acid or its derivative. In another example, the polyol is a polyether

polyol, such as polyethylene glycol, polypropylene glycol, polyethylene oxide,
25  polypropylene oxide, or a reaction product of glycerin and propylene oxide or

ethylene oxide. In particular, the plasticizer includes polyethylene glycol (PEG).

Forming the Abrasive Article

The coating of the abrasive article is initially a slurry of abrasive aggregates
30  and a binder used to adhere the aggregates onto a surface of a substrate. The binder

is preferably a polymeric resin binder. Suitable polymeric resin materials include



30swarf. The coated substrate is then cured by heating or radiation to
harden the resin and bond the aggregate grains to the substrate. In one
enbodi mrerwQ 20tven76@at ed substrate is heated to a tenper @CuS2@b/obBineen
about 100 C and about 250 C during this_gyring process. In another

enbodi ment of the present disclosure, it is preferred that the curing step
be carried at a tenperature of |ess than about 200 C. In yet another

enbodi nent, gtg%tb yirSsifd 8 Hu¥hdded- 2 the resin is
cured and th agegr egat e absr1a5| vgrugr a%rlﬁs pa)r eqLond af‘ogqtahe substrate, and

t he coated smbmeih@ryiabﬁ:s,bmlmmﬂ chiorides, vaWﬁéWXEmIpGYQbkamGeMVmes, fi ni shing,

and polishin lica |ons rk surf can b br.aded ,b pl yi ng the
1 ni Shed abr S8 BB GHA: Mo SNHG Rt Ao  FURD Y S BORE on of a
wor ksur f ace.thAeste Sitiei iyt Oksidpaite@uRHR didaE B Sth&f ralifABoh. NVBEL | ON
follows. 10 Exanpl es Two types of backing, PET (polyethylene

t er ept hal at e)préfetahlyathe raSIﬁaﬁtfitb]pYSer@l%mﬁlmea‘?@n( PA Spun Lace M59 scrim
were tested for ayasin perLorimnge, o dANtHEdl, A LT L 681, pagel s.

The PET fil mback macr op S su ive ar

i ncl uded t he sshurgt LoRkE wgterwha@hrg&ﬁlcmsﬂvuﬁtea@lda ;idlysmeramreylhaahaeeﬂim nm*has r e5| n

m xed wth abrasive a%re gates fornmed fromsilicon carbide grit part| cles
and a nanopartyre| Baypdenallygomprise other inggedicpsigriewn pdudet &/5teq 4712864 t he
number of sp z Bt : 'éleb (2ROt he)s] ESAGR: {fi§ AfoupRiyghness
("Ra") and ngzﬁggﬁ&g gigl%?gl@%%l%g P‘% wer e rSelgg*d Il’ld are ShOWIB]/gI n the
bar char t10i n rkixgd ufing, Theexumbera logh ﬁmtmx@ef ore 20exhaust| on indicates the

useful life duratign of the test article abra5|v I s i s used
Lo hbr ade and 1 o e 5o and or Ll s &b et EoRe Sl st b o

before surfagge g@f‘r?catr@ tﬁé Sluf9 i¢ ERERY i@ THR\sBBktratd® 1&@8t R tiAIPRBEE thepot s
bef ore exhaustion, "the |longef the useful life of the test article. Surface

roughness is Sﬂbﬁ?ﬂlﬁ eBhebg}uIay Wf@@@l}p&mlﬁd e enbstiate wisa bladespreader Wahr
Per t honet er Manuf td rface
i s desirabl e g)?fll eén%tévee& gtbew?‘gfy < mégt? é’cr a ng u%%? Hptdé E? r§fEll’he

abrasi ve 1art lt@An@fed |WirhAge, AR ks R hradne cddigk ndili@ie mehe SuhsﬂdteSS ﬁealaheer The
tabl e indicates that W acrylate slurry coatings on the macrop?
substrat e (PGhe Blada spraeder Rhbdesiied icpgt speads Bremegicgaierarain stury ihapnlis Qﬁlén

those on the gtratél agsutelaa}Tn%EMS@ exhi bited greater nunmber of spots
bef ore 30exhaus surface roughness, and absence of pig-tails.

As indicated in FiThe drasicaropocanbe Seibler sene- rﬁmd karrrgg@)dap@durg @upey i or

grinding performance in conparison to Pngllm 1% an ab S|ve
aggr egat e W?@H@F@ggﬁﬁﬁpé‘ﬁt%ﬁﬁw%@? q jubstryis. | S Betlrafin el

20 flexible abrasive article, while complete penetration of the coating yields a rigid or
semi-rigid abrasive article. As used herein, the term “rigid,” means deformable or
bendable to as small as about a 3 inch radius. As used herein, the term “semi-rigid,”
means deformable or bendable to about as small as a 1 inch radius. Asused herein,
the term “flexible” means deformable or bendable to as small as about a /4 inch

25  radius.

Optionally, additional abrasive particles can be added over the aggregate
coating using various grain application methods, such as gravity application, slurry,
electrostatic coating, or electrostatic spray. In addition, an antiloading or dispersing
agent can be added to the abrasive article to further minimize the accumulation of

30  swartf.

The coated substrate is then cured by heatirig or radiation to harden the resin

and bond the aggregate grains to the substrate. In one embodiment, the coated



system This can al so be observed by way of the maxi num surface roughness

after grinding, "Rmax." Table 1 bel ow provi des maxi num surface roughness

val ues fowotesro7alanasi ve articles simlar to those descrChas2@oemid Table 1

- Conparison of Rrmax for PET filmand Scrim backi ngs Backi ng Rmax (nl) Rmax

gEZZSGRgEXGESnB) Average PET Film 79 163 1% 140 Scrim (PA Spun Lace M59)
5

substrate is heated to a temperature of between about 100 °C and about 250 °C
during this curing process. In another embodiment of the present disclosure, it is
preferred that the curing step be carried at a temperature of less than about 200 °C.
In yet another embodiment, the coating is cured by U.V. radiation.

5 Once the resin is cured and the aggregate abrasive grains are bonded to the
substrate, and the coated substrate may be used for a variety of stock removal,
finishing, and polishing applications. A work surface can be abraded by applying
the finished abrasive product in an abrading motion to remove a portion of a work

surface. A description of example embodiments of the invention follows.

10 Examples
Two types of backing, PET (polyethylene terepthalate) film and a

macroporous substrate (PGI Spun Lace M059 scrim) were tested for abrasion
performance on identical AAA 1.25" test panels. The PET film-backed and
macroporous substrate-backed abrasive articles included the same coating, which

15  included a U.V. acrylate binder resin mixed with abrasive aggregates formed from
silicon carbide grit particles and a nanoparticle binde‘rn resin.

Performance results, such as the number of spots before exhaustion (“No.

Spots™), average surface roughness (“Ra”) and number of pigtails (“# PT"s”) were
recorded and are shown in the bar chart in Fig. 8. The number of spots before

20  exhaustion indicates the useful life duration of the test article. An abrasive test
sample is used to abrade and remove surface defects on as many surface spots as
possible before surface defects are no longer removed; the greater number of spots
before exhaustion, the longer the useful life of the test article. Surface roughness is
measured by a surface profilometer, in this case, the Mahr Perthometer M2

25  (Manufactured by Mahr GmbH Géttingen). A smooth surface is desirable. Pig-tails
are deep spiral shaped scratches formed by the abrasive article during abrasion, and
their presence is undesirable. The table indicates that UV acrylate slurry coatings on
the macroporous substrate (PGI Spun Lace M059 scrim) perform significantly better
than those on the PET film, as the scrim exhibited greater number of spots before

30  exhaustion, less surface roughness, and absence of pig-tails.

As indicated in Fig. 8, macroporous substrate backing exhibits superior

grinding performance in comparison to PET film backing in an abrasive aggregate



For aggregates containing silicon carbide abrasive grit particles, two
different degrees of bonding were also tested. The first abrasive article
test ed hawlo=piovosmicar bide grit particles that were 21%Pbonseas/ odtyes second
abrasive article tested had silicon carbide grit particles that were 47%
bonded. In the bar chart of 10Fig. 9, thé 21% bonded silicon carbide is
shown to give an advantage in the total nunber of spots. Wiile this

i nvention has n i.C ClL i to
exanpl e errbooﬁ}%gﬁlfs q#ee{rne%%o?ﬁ% %bsgmpﬁ%m%g&gr?ggfes%%ﬁngkk%éZ&%EL?#?% in ‘the
art that varigimlighaRges.”i Tablen ekndprdeidas maximum berfaedeudhnessentuewtdrhout
15departing fromthe scope of . the jnvention enconpassed by the appended
claims. WO A6TGPtSe At e UnHes bR5P geseribed SOV Al NS What s of aimed i s:
1. A macro-porous abrasive article, conprising: a) a substrate having a

macr o- porous_structure; and 5b) a coating on the macroporous substrate, the
coating incljudi ng &ablerideConpadrabn af Ruexdgg PEJafilas ahd Seeich badkings
conposi tion |oBadkMi@si ve grit pRmiaxindy anRnmxnappparRiekend) nesragaheriei n
t he coating [isgpFileast parti abby enbeddeggy n the supgirate.| 4@2. The
abrasive artirghg of crarm I, Wggrein the[ggticre Ts[ffexiblie g3 The
abr asi ve artiécﬁs%imila&gmo%g Mmerein the article is rigid or| sem-rigid. 4.
The abr asi ve—artiete—of—¢ctai the i i [
the 15substrat e. '

1 L Arnoat it ey 1o £ 0] | 7 mda-adadadl
Crat-m——1; wheretn coatth —S—Ttur1 efrpeaaed | N

For aggregates containing silicon carbide abrasive grit particles, two
different degrees of bonding were also tested. The first abrasive article tested had
silicon carbide grit particles that were 21% bonded. The second abrasive article
tested had silicon carbide grit particles that were 47% bonded. In the bar chart of

10 Fig. 9, the 21% bonded silicon carbide is shown to give an advantage in the total
number of spots. |

While this invention has been particularly shown and described with
references to example embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

15 departing from the scope of the invention encompassed by the appended claims.



5. The abrasive article of claim1, wherein the non-woven substrate

i ncl udes polyester fibers. 206. The abrasive article of claim1l, further
conpri si ryoaoyvEsicoat i ng over the coating. 7.The abra®Crasarmioscioes of
claim1l, further conprising an anti-Ioadipg/dispersing agent. 25 8. The
abrasive article of claim1l, wherein the abrasive aggregates have a

general ly spheroidal or toroidal shape. 9. The abrasive article of claiml1,

wherein the substrate is hydro-ent anglg? iich 30a vel our attachnment system
WO 2010/ 075041PCT/ US2009/ 067914 - 14 - é he abrasive article of claima1,

wherein the binder is an ultra violet Iight curable acrylate. 11. The

abrasive artig} h% gclarlnﬁﬂ 1, wherein the aggregate particles are
essentially fil olTow 12. The abrasive article of claim 11, wherein
the grit particles are non-fired with about 21% bonded silicon carbide.
1013. The abr aki ve Ambdcod-powiis ebrasime miCMecnrepni\single macr o- por ous substrate is
patterned. 14.The abrgsgl;/u%sartl cle of claiml ?rel n t he nmacr o- porous

substrate is non- trate having a macro-porous structuré; and
5 b) a coating on the macroporous substrate, the coating including a
binder and abrasive aggregates formed from a composition of
abrasive grit particles and a nanoparticle binder, wherein the coating

is at least partially embedded in the substrate.

10 2. The abrasive article of claim 1, wherein the article is flexible.
3. The abrasive article of claim 1, wherein the ai?‘t'i’c'l'e' ‘is‘rigid or semi-rigid.
4. The abrasive article of claim 1, wherein the coating is fully embedded in the
15 substrate.
3. The abrasive article of claim 1, wherein the non-woven substrate includes
polyester fibers.
20 6. The abrasive article of claim 1, further comprising a grain coating over the
coating.
7. The abrasive article of claim 1, further comprising an anti-loading/dispersing
agent.
25
8. The abrasive article of claim 1, wherein the abrasive aggregates have a

generally spheroidal or toroidal shape.

9. The abrasive article of claim 1, wherein the substrate is hydro-entangled with

30 a velour attachment system.



15 15. The abrasive article of claim1l, wherein the macro-porous substrate
is spun lace. 16. A nethod of form ng a nmacro-porous abrasive article,
conpri si yozhw/ws@ps 200f: ) conbi ni ng abrasi ve aggr egaPes/usbocaosmsd ve grit
particles and a nanoparticle binder with;a resin binder to forma slurry;

b) applying the slurry to a macro-porous substrate having a nacro-porous
structure to at least partially penetrate the substrate; and 25) curing the
resin to bondgthe t d of

cl aim 16, mhgreln1%%%5§§§%§§g$9%§§a%g%é?@% ggﬁ% g&%a%%iug%gﬁ) he et hod
of claim 16, wher eurabteverghtarry is applied to the substrate by 309ravure
coating, roll coating, or transfer coating. -15- 19. The nethod of claim
16, further conprising the step of applying a grain coating after applying
the slurry tqthe ﬁ%@%ﬁas%%ﬂw@@of&ﬁ% MRLRGEnGhe SRR ei n the grain
coating is applied by gravit slurry, electrostatic coating or

el ectrostatic spraysengdlly mﬁtﬁbulof claim 16, wherein the resin binder
is an acrylate. 22. The method of claim 21, wherein the acry a e resin
binder is cured by ultra 10violet light. 23. The abrasive article of claim
16, wherein tihe MEGEAbROIVOUSIBIBSI it €1,1vhepdh iRy iR Partibieddud heh-BRAIASLHY €

article of claim 16, wherein the nmacro-porous sJ%strate IS non- woven.
about 21% bonded silicon carbide.

10 13.  The abrasive article of claim 1, wherein the macro-porous substrate is
patterned.
14.  The abrasive article of claim 1, wherein the macro-porous substrate is non-
woven.
15
15.  The abrasive article of claim 1, wherein the macro-porous substrate is spun
lace.
16. A method of forming a macro-porous abrasive article, comprising the steps
20 4 of:

a) combining abrasive aggregates of abrasive grit particles and a
nanoparticle binder with a resin binder to form a slurry;

b) applying the slurry to a macro-porous substrate having a macro-
porous structure to at least partially penetrate the substrate; and

25 ¢) curing the resin to bond the aggregate grains to the substrate.
17. The method of claim 16, wherein the slurry fully penetrates the substrate.

18. The method of claim 16, wherein the slurry is applied to the substrate by

30 gravure coating, roll coating, or transfer coating.



25. The abrasive article of claim16, wherein the macro-porous substrate is
spun |l ace. 20 26. A nethod for abrading a work surface, conprising applying
an abrasiwe2proods@t i n an abradi ng notion to renbve a p@CTiusSR009/619M€ wWor k
surface, the abrasive product including;;a) a nonwoven substrate having a
macr o- porous structure; and 25b) a coati ng on the macroporous substrate,
the coating including a binder and abrasive aggregates fornmed froma
conposition abr@asi r . t ' . wherein
Che coating 1o ot Teaur By i B o e PR P B ain

coating after applying the slurry to the substrate.

20. The method of claim 19, wherein the grain coating is applied by gravity,

5 slurry, electrostatic coating or electrostatic spray.
21. The method of claim 16, wherein the resin binder is an acrylate.
22.  The method of claim 21, wherein the acrylate resin binder is cured by ultra
10 violet light.
23. The abrasive article of claim 16, wherein the macro-porous substrate is
patterned.
15 24,  The abrasive article of claim 16, wherein the macro-porous substrate is non-
woven.
25.  The abrasive article of claim 16, wherein the macro-porous substrate is spun
lace.
20
26. A method for abrading a work surface, comprising applying an abrasive

product in an abrading motion to remove a portion of the work surface, the
abrasive product including:
a) anonwoven substrate having a macro-porous structure; and
25 b) a coating on the macroporous substrate, the coating including a
binder and abrasive aggregates formed from a composition of
abrasive grit particles and a nanoparticle binder, wherein the coating

is at least partially embedded in the substrate.



