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ABRASI VE ARTI CLES AND METHODS FOR MAKI NG SAME
TECHNI CAL FI ELD This disclosure, in general, relates
woaommsassve articles and nmethods for maki ng SROEUS2006/002836
BACKGROUND ART Abrasive articles, such as coated
abrasi ves and bonded abrasives, are used in various
i ndustries to machi ne workpi eces, such as by | appi ng,
i ndi o] i_shi | ni Lljzi ng abrasive
ABRA R A RO R RR R SAME O Gt o
i ndustries, autonotive paint repair industries, to
I@g@@ fq%@ ation industries. In each of these
6¥%§——%@nufacturlng facilities use abrasives to
rempve bul k material or affect surface characterlstlcs

of phipdiselesre, m geneilerefates fouRbrasve Sttictes andirsthefs farinaine same.

texture, and uniformty. For exanple, manufacturers of
ngkggﬁiﬁﬁgggints use abrasive articles to fine and

es, and oftentines desire a uniformy

snooth surface. Simlarly, optics manufacturers desire

abr Abtagize aificley |sed asieattedhplsanives apbbaded phrasives, gre reddn pgrious
in@IsB¥S NS nlab@hd wlidplebAC bilcRMs alﬁ/dlaﬁﬁ@%, tgﬁﬁdhﬂg orl\@ﬂbﬁn@t Ma@l%inmg

al so desire abrasive articleés tha ave a hi st ock
utilizing \phfasive egicles spas at wide indypTiplcsercotien optGieiR IFSmeF’hféF%nOthe
palink 1%55119 Mndbste@df- Hefal DS WaGM RARME. @t @acﬁngf %&%é & 8mples,

qualTty. Finer grain abrasive articles typical
mypstreias fedidiehese akigrivesédesmoyebully a)@@nﬁlmﬁe% ?‘E@Re characteristics
ofpdaM@l rates. Lower stock renoval rates lead to

slomer production and increased cost. Particularly in

t he context of fjine qralned abrasive artjcles,
conFer afbpipcianjsics Apilwlen piiags  EEreh M WpiieEAencyForo cxample,

mhRENBirdr @ RE B3 %Bﬁﬁ&n@n@ ek& abrasiveS Mﬁﬂeﬁﬁ) f6d dCHAEh tshdces, and
are deeper than t aver age stock renoval scratches.

oftspiRessdepizn L RO Fmph é‘ﬁf@%d&ﬁ‘;’/la‘&% APYHS MAHURCTETSAeHTe abrasive

arfid1Q it PR IBEY REIVBechiithet B préesIighdiffiAbidn@d scattering.
i ndent ati ons. Wen present these scratches scatter

l'ight, reduci clarlty | enses o roducj n
haz¥agy a%ﬂ%@@% P reoive ity e el St RSOV,

cesifih ApplRtorR] IovRvey uﬁ@ 8 Wekie attﬂadmom) Gbtiesn winoailtlaﬁmﬁ'& Riirface
1§ﬁln§§ t hat, reduce thF rele@ haractﬁ?lst L.CS of 0
qUefiprs AiRer gRIP BRI PECIes BIPIRh BRIGE TR FYaEey P/f)‘nté’ﬁ? ower
st@klr@MOVARGEET 1.Gwdrtodlt feoVal kesSedita sieFer pactlcisanraatl gleegsddreost.
pol i shed reactors allow formation of bubbl es and act

as ﬁgrtrlgu?argl t?g lEI:(rn%éc’xtf 9 ﬁnle nérgulle%t abradive B crlletsegonrlrggrgltah}? vdilable

abrasives have a tendency to leave random surface defects, such as scratches that are deeper
than the average stock removal scratches. Such scratches may be caused by grains that detach
from the abrasive article, causing rolling indentations. When present, these scratches scatter
light, reducing optical clarity in lenses or producing haze or a foggy finish in decorative metal
works. Such scratches also provide nucleation points or attachment points that reduce the
release characteristics of a surface. For example, scratches in sanitary equipment allow
bacteria to attach to surfaces, and scratches in polished reactors allow formation of bubbles

and act as surface features for initiating unwanted reactions.

Loss of grains also degrades the performance of abrasive articles, leading to frequent

replacement. Frequent abrasive article replacement is costly to manufacturers. As such,
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Loss of grains also degrades the perfornmance of

abrasive articles, leading to frequent replacenent.
wOenewmssss abr asi ve article replacenent is cost PgTHS2006/002836

manuf acturers. As such,inproved abrasive articles and

met hods for manufacturing abrasive articles woul d be
imgeospd abtagive pristyscmdRmethpdy AyERGTUERGTIS oFheasiygr titiglgy ayould be
deSippdi ment, a conposition includes abrasive grains and

a binder conposition. The binder conposition includes

about 10 wt % to about 90 wt % cationically

DReLYSEREAbheyeppsund, not greater than about 40 wt %
radi cally pol ynerizabl e conmpound, and about 5 wt%to

abopt 8% aMhciiaP Fboditdb AL & cﬁﬁxﬂ)dsﬁiron s Qbkadifte geams 3R aOfinder
the binder conposition. articulate fi1l
commeéflmmesThﬂ ltsy@r smlp@mlbmm?h@ﬁ's Part l%m"/att@ébomr PrQe wi% cationically

. po n‘?‘e?llz oﬁn |n§togrgﬂté'rqﬁ:£1eago&tqo %%%&igﬂfyfi%}&nég&ﬁﬁé pound,

rtrc e |n rasive grains and bi nder
and abputi 5iwilp t@ @h@p@&o va¥enparaquiagh fillerhiased prrrﬁheawekght of the binder

co'nlrgsi e Sl ngrlﬁéhﬁér lﬁmdas BRI AR PARQERIPOST t e
OXy prec rsor and includes acrylic precursor. In
anot her exenplar enbodi nent, an abrasive article
| ncFakidsslemralsi Ak djreaied 4o AR FX eI ABFASEE S Ity ding abrasive

grbiHd 8l 4§ 8mart c%hipﬁﬁng Zh@rel ForotlAbh.OThé B&rhMBESn BRAMYs not greater
precursor and | east about 5 mﬁ@bfartlculate filler

thiypabeet 98n~t%/q1@n@¢@trlaps¢ﬁ/@pfgwprwswr)@d f5Hudes agtylis Rrecymey:
particulate filler has a submicron average particle

si zg, anbﬁelaeyfeﬁﬁataﬁﬁéml@ﬁﬁmlt 3l YabREHE dﬂtl@ﬁﬂh@lucﬂ:@ a&ﬁﬁﬁeﬁ bdBs and a
article includes abrasive grains an a col

bipdspRsurisie BicHigd formpatioh ot &prmelelippinghig eSéﬁ%ch%r?Pf angat least

AR AGAN @adichilhte fBled RELLGE the ARAIBSIIME 08 EiRI BEnuBddnA The particulate
sol ution forned nanoconp03|te binder. In a further

ﬁ%&@ﬁﬁ“ﬁ@?”@ﬁ%%ﬁ?%&ﬁﬂhc%ﬁ?eabraS|ve article includes
abrasive grains and conposite binder. The conposite
bi nGes fukthé! eneleslagi capodisRntpal ibrssileakteld intluéds dbavive gran and a
erage par%lcle size of about 3 nmto about 200 nm
Hﬂ”&oﬁﬁ?$* "dersi ze distribution characterized by a
hal f-wi dth not greater than about 2 tinmes the average
par tnl a(hb&rel%%&xplakﬁetﬁbcfdhiﬁédﬂ&ih ABYesiNP haicle iedhtdediabmsite gains and a
gg ive artlcle.#qgcydes a binder that has an Rz
SO HEHRAROHTIPOFIREF t han about 3.0 and conpri ses
epoxy/ acryl ate copol yner. |In another exenplary
enbindi frethtr, exempiatyhedbadifmdng rami abgpsiae asivleaigsludes abtasigé grains and

cdm%géi%q)?nsder. The composite binder includes disperse particulate filler having an average
particle size of about 3 nm to about 200 nm and a particle size distribution characterized by a

half-width not greater than about 2 times the average particle size.

In a further exemplary embodiment, an abrasive article includes a binder that has an Rz

Performance not greater than about 3.0 and comprises epoxy/acrylate copolymer.

In another exemplary embodiment, a method of forming an abrasive article includes

providing a colloidal composite binder formulation and abrasive grains on a backing and

curing the colloidal composite binder formulation.

In a further exemplary embodiment, a method of forming an abrasive article includes

coating a backing with abrasive grains and a make coat including a first binder formulation.
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providing a colloidal conposite binder fornulation and
abrasi ve grains on a backing and curing the coll oida

woanpossdse bi nder fornulation. In a further exeapiuazop6/002836
enbodi nent, a nethod of forming an abrasive article

i ncl udes coatlng a backin g w th gg é@lve gfalns and a
Thegmeshod §wther ReludgsiaRpglyRe £isi2€ £0ahPYRY P ARAt-af RotizepRe includes a

seéBRH hfdef féﬁﬁlil@c[onl NG AL SandERhpobiROpodynSdr Z&mEGdibn. OTEE meAh6d also
make coat. The size coat includes a second bi nder

1n¢6¥ﬁﬁWH@ﬁ%ﬁnﬂﬁ€PﬁéP%ﬁwﬁ%ﬁﬂ@bnpos|te pol ymer
formul ati on. The nethod al so i ncludes curing the make
coaly AmBthet HEmPlaBCerfidiment,h achéhef foﬁﬁlﬁgph abpgsive article includes
enpodi nent, a nethod of formn brasive artjcle . d

blGTNB, BRI B g SR RBETTO ST 2o PO HIGE P s B ahcpinder

foﬁﬁﬂaﬂohCaﬂp[}@nghS Bmdéofofraulition tbiandbstrafepappliti@d hlofkive grains to the
appl y 4& F g fornul ation to a substrate,

SUaHEy dmﬂﬁ?gg Perdormuialion-5 ¢ he substrate, and curing

t he bi nder fornulatlon BRI EF DESCRI PTI ON OF THE

Eghﬁgggigggure may be better
C Sialo features and advantages
made apparent to those skilled in the art
r ef EheeAISHYHY disHlestE CRppRM PPy ieHPIgnd etseeunter?%cte%tar@é and
ad®bhtdded WSllE abpLEt b tBGkeKARB! Al tHe GRABYC ELf@BioARl ¥R accompanying
article. FI 2 includes an illustration of an
drg%i@ghl ary structured abrasive article FIG 3 includes
an illustration of an exenplary bonded abrasive
ar t Fied. @ incMded=ih ifédRa IR ¥h Bkenfpldfy dddled abIMENTdrfiblel N a
parti cul ar enbodi ment, an abrasive article includes

abr asj ai ns_and.a col |l oi [ . The
abr E@I één g\'dﬁ qy iflustration ot an e’é"’é‘ﬁa@fi nf‘)lé? aﬁ?‘émé{? ‘%8 or a
bonded abrasive article. In an enbodi nent, a coated
abr B, 9 énchrdesd @l iudtriati@nofan grangédare bonded gfrasiretaticdsd
abrasive article, including patterned abrasive surface
structures. The coIIO|daI conp03|te bi nder generally
ARR : Mrticulate filler. The
col | oi dal conp05|te blnder is formed from a binder
f or md @E'ﬂlcﬂntr brﬁdelkﬁdarm,gmaibfa@dvé axticlia lidcyndsuishipainvg @ehins and a colloidal

part.i r filler, wthin a ext rnal phase, i ncl.udi
e3P iechinder. b RSHE Ericle ban 06 & OHARE B e Grcisutt e bbrasive
arfidle b ﬁﬂﬁﬁb(fdﬁlﬁdmb&iohﬁﬂ abayvd Mflﬂblﬁ’éf anl éigineeted enttalcysddsabrasive
nitjators, chain transfer agents,

| yerm zat
A S A S e e LR

The colloidal composite binder generally includes a polymer matrix and particulate

filler. The colloidal composite binder is formed from a binder formulation including a
colloidally suspended particular filler within an external phase including polymeric
components, such as monomers or polymers. The binder formulation may further include
catalysts, polyermization initiators, chain transfer agents, reaction inhibitors, plasticizers and

dispersants.

In another embodiment, the disclosure is directed to an abrasive article including a
solution formed nanocomposite binder. Solution formed nanocomposite binders are formed
from solution-formed nanocomposite formulations, which are formed in sol or sol-gel
processes and include nano-sized particulate filler suspended in polymer constituent

suspension. In a particular embodiment, the particulate filler has an average particle size
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di spersants. In another enbodi ment, the disclosure is
directed to an abrasive article including a solution
woanwwwd3asanoconposi t e bi nder. Sol ution formed PCT/US2006/002836
nanoconposite binders are forned from sol ution-forned
nanoconposite formul ati ons, gh are forned in_so

2bgg3. g0 498 wBs U i heReteh Al oh A AB-ta Abaut | (e8¢, Bprgicle size

didtiibutih cRASREREEHy hhaBQ)idfBiot GRMAST ihhi8bYut SWiSE BRSiverage pditicle
a particular enbodinment, the particulate filler has an

siZ¢ver age particle si zeabout 3 nmto about 200 nm such
as between about 3 nmto about 100 nm and a particle
Si Zm hrSdular kbﬁibbdlﬂleﬂthlaﬁaaﬁdoﬁfpioﬁﬁdbibdbrﬁaﬂtﬁb&l}oiﬂaﬂbdﬁnmite binders

reater_than about, t aver artic i,ze. In
helle 5 R eHPIBaY tited i aangear BonriauEs & S bindel may
1n61@<ie] pdlﬁﬁérloC E31p@Gdntse sddcted eff &n hl&\/ groam chizsisBeg fof repByC eonstitsents,
? bed bel ow, not reate hq@ abog% 3f0 r&ﬁe I .
acBHEANSTISAT: ARSTAA SORSHTU Pk 2 COREPATPD SRrT. SByribe dg polymeric
cohstitwents ey e thepmABaiableion guraile eydipagtinio paliatibuent s,
acrylate constituents oxetane constituents, and a

i nati on 0 . .
Conttd e e ohip e e et o R e depsged
a putyrherintatria dirivk tooduring ke @@ippiEi Hneiebfondﬂatmndegap'rcallmd suspension
thilgcﬁirn hgeaﬁv%earﬁagtpp%%%éﬁ%g %%g%t}lguLol };meerlfcl Iolrels %u()err%ﬁza{%l%r &mnally,
sobiefde A gobymieik abnsﬁmentmdy)bplaaﬁinbmemrwpam imgoltehatFor example,
I ncludes an e hase N ani c
o et e LSRRG 1 ol 2R p e An PRl or i
addivios,t th¢ etedfrhall’phgse ey anciosia @nbmenmatanqjoﬂl ¥ atﬂvenlt nTbsolbavmtaIe filler
For..e exter may. i nclude nmononers

bRt SR g onela® ot VIR eRRRRR MR, ToLITe T i

addition, the external phase may i ncl ude pol yne
mat Ehd pertidutntafiber| meyrite, fofhel qFandrganid perecldsi buckras Pal'tiCIGS of , for

ex nﬁnler amﬁ.tﬁl (f Qchni;gl 9 u%“’%ggr sst%ﬁj sﬁbe@soq ggl 5?1; {llrrrlétg?co%tlegcr sﬂa{ as, for
examplegrametal qz);axtet a olewbhydsaxide, ametahsuﬂﬁdel egetgl halogeppomplex, a metal
caebu? Q ltg?talgt?h%gtgh%t étf ﬂ’%@%%gﬁ?ﬁ g%léeﬁ)f%gé?(lcu?gls,s Eejg(gd)n%l gl’cl:rgﬁfc; or a
cm&»tratloruﬁhdeqf An gedngile hiyanesel dede & £n6d, d1dOs BiPo deQs, &r02, CeO,,
t h al
r{@ ﬁﬂoﬁ’:‘iﬁgegan Cﬁ,ﬁlﬂ%%efap% 3112111(9 aira?(b gsza Efﬁe(t)i or a &%ncx‘%natlon

=

ke, "Tor  éxa
th@r)aof ai\ oexedrvixgle contaiging ohfﬁirmmetaissm@mdtcebﬁf presﬁznt eﬂ@ﬂ}@n@aﬂlcles

) ol R AP S ToEyn Do 4G i e
Zr0a,2%8),, SbQEEO-fStm@Bs,ﬂice rahenisoarsi o atiitane théreafe gthe nanemetescsized
pa%clle%em ﬁ/ al o IQ%: ?tggr%ﬁut, g&ﬁ&%etﬂ}s}u@ﬂl gs, %yexgllnﬁ’lg, QR rb?a%ﬁ,rg highly
crosslinked/ core shell polymer nanoparticle, an organically modified nanometer-size particle,
etc. Such fillers are described in, for example, US 6,467,897 and WO 98/51747, hereby

incorporated by reference.

Particulate filler formed via solution-based processes, such as sol-formed and sol-gel
formed ceramics, are particularly well suited for use in the composite binder. Suitable sols
are commercially available. For example, colloidal silicas in aqueous solutions are
commercially available under such trade designations'as "LUDOX" (E.I. DuPont de Nemours
and Co., Inc. Wilmington, Del.), "NYACOL" (Nyacol Co., Ashland, Ma.) and "NALCO"

(Nalco Chemical Co., Oak Brook, Ill.). Many commercially available sols are basic, being
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may include, for exanple, particles selected fromthe

group consisting of ZnQO S, TiO 2, ZrO 2, SnQ2,
woeeR83asse- f ormed silica alum na and a m xt ur ePCnEISE®E/002836

The nanoneter sized particles nmay al so have an organic

nponent, such_as, for car bon bl ack, a
steﬂwl&ﬁcl \PYc plsals| puskeds sedime Iyﬁgogfdep PR T AEsEs 0F | gmonium

hy@f@)xi?l"eg @[Hdﬁ@halyexaiﬁﬂbg‘ beghitiad acrmstcar sifi¢ad erdoaers&ﬂuéh € URS. @at. No.
ch |l ers are descr.i bed |.n,

5 @6@84’ e R AR 8+“|86 ﬁ%tsehfosyed silica and

sol-BkBEE MeRinaPard ol @evefl fuhdt®halized bR deadiig: one or more appropriate
sol uti on-based processes, such as sol - for p
S|o

sugipfe-tiraimentastig Wb F@mgamca%ieﬁa‘?swte AP Pi/mwéq sui t ed

for use in the conposite binder. Suitable sols are
conmerpan&hlaye@w@hﬂlabltles paft@laeRPisSub-drdr0digkd] Foi dxampls, the

ueous solutions are ¢o |aII avai l.abl e
pagiflatt il dnay £i2g1RaP+18 artio ate. [ SEa part lﬁﬁ%ﬁﬁergevmg an
avBIQ P PariclaRike @F .about BCam ¥ labdun gt)@ﬁim %| an) exemMéACé?nbod_lment, the
P Ao B 81V R tcly i PP A a0 DB b oot 3
to BbuE 160 ﬁngmum nB @b st Sirh, Iaﬁag g &l zibahﬂ 30 1B @ absit 10 nm to
um rOXI ass r ox

oS L PR BT ERay i v Dutifle 3t i R aleg pen about
508inni, @ﬁéh a’sﬁﬁa gxﬁ"it@ff ﬂhblﬁﬁboum(? 1T, 1628 than NBout 300 2fa, 394kt greater than

|nc r por erein ref erence. eci al | .

g B b are B s T gresab raicle Al Bsf b sfineq os the pardce

s1z%| doffedpandiddred the |p8akC‘ajlhn|i)3,efrioﬂil31€ lin pe@hli-zepde Dyntoe aeitbiig (SANS)

one or nore appropriate surf at ne a
SRR girga i B0 BRPRE B farterhrang s DS Sa iy Aoy gt the
S/ANPakiibeidnarvenbodi ment , the partlculate filler is

sub nicron si zed. For exanple, the particulate fiIIer

p ar R??[écflgpefflﬂfer @S}q ﬁlgelg;et clh(a:lrél t%ri;‘zeegfbg a narﬁ%vy 1s&j%uta ion curve hf'ivmg a
haHbmdﬁl dt grenteotha et ut EOG)mresl the alveragnpaﬁm&mtearlior example the half-
wngﬂ:?ql?ycll)e noi Ig&etgtreegl a%‘tt)olgg Pg %t r?otf I elale {hé gorlll?nli] Oz\ljlglrﬁ %91? width of the
dlaﬁkmilionS?s tlhmvxtldlh abtha tdlsiﬂbﬁtmfmquram lhhlf 8s maxmmnaltamglnt Sﬁﬂl asrhalf of

t
th?] rH‘flﬁ %Hnl glhea Sl{rél?"i“g%l Lﬁgn{’eak ?ﬁ & paav 1eclru 39 gmg%aﬁlggnl% 1€ Barticle
siZi (Zlﬁnblmoﬂodur@r Baheafo-thdéah ahoant aHsﬁfDatwmemudlhlems tlmﬂopartlcle size

d1%%‘?u%§$ i‘s I:%l—tjg? I?ifl]hog‘glas rBoreﬂm e n;r)na tﬁ h an 1c‘rile sgllé'le: dlsél:f u O J?)rrln or
filler, the average partlcle S|ze nay be defi ned as
t h elnmrarticulae ersbaiémentthelspden firmglation migeingleddatiabitie particulate

ﬁl Gex 1s; Lia %u{ %g%u?%é hfle@p?;ﬁf bﬂ%ﬂ{i&lo a%@a?«% él?%%&!}%él g%?lr\]%l materials
des@ibed sbove lTLlﬂeh’ltan/E) thmmmmlaterfdtet i Blre mafticulate fBj&NSnay be of the same
ng.jterlatl or of'J (}dlfgrgntcnlfartcyrlals. For example, each of the particulate fillers may be formed
of silica. In an alternative example, one filler may be formed of silica and another filler may
be formed of alumina. In an example, each of the particulate fillers has a particle size
distribution having an average particle size not greater than about 1000 nm, such as not
greater than about 500 nm or less than about 100 nm. In another example, one of the
particulate fillers has a particle size distribution having an average particle size not greater
than about 1000 nm, such as not greater than about 500 nm or less than about 100 nm, while a

second particulate filler has an average particle size greater than about 1 micron, such as

about 1 micron to about 10 microns or about 1 micron to about 5 microns. Alternatively, the
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The particulate filler nmay al so be characterized by a
narrow di stribution curve having a half-w dth not
waQnremtossess han about 2.0 tinmes the average part PCIraIS2006/002836
size. For exanple, the halfw dth may be not greater
than about 1.5 or not greater than, about 1.0,
sereailpaiicalels TBler F19 HYSET PRSP BT SRASe %ﬁﬂotfﬁl ons. Ina
pa@tloﬁtaf |e§1'56d1ﬁ}1@ntc dr pifde trofaailakion tnSclLﬂﬁigl mﬂfkth@ir@ﬁla,te $ilehhdsng a
hal f of the partlcle fraction.a ﬁ@ ;jhstrl buti on
SUBRHCUAE AYEIARE PAtiFlesigRAnd ipSeqoRd P F HEH(Davipg a0 puepagr gfricle size
grédtek GhaAdl SlidrétHidvaiia gebiishe pio$id E0iRRroved] ﬁﬂechahi&algﬂopertles when cured
alternative enbodi nent, the particle size stribution
tofampbisdsfal or has more than one peak in the particle
size distribution. In a particular enbodi nent, the
bi nogyicallgrtadiiedsdddqiartiEaptei filiet luﬁ@ law adpe@siticd Hor example the second

B HETE R I R e T -
sphd@icell | @’eﬁerﬂ@@ €Hel &e&daﬁwt\{calatmﬁﬂal iatunteéntddoaridngot hardened through

particuylate fi Ier a iculate fill.ers Y. be of .
gl S P v e SR P BN 50 B e ) ¥ sfect i
at @4aphe 2 at@earpoddgéshe particulate fillers may be forned

of silica. In an alternative exanple, one fiIIer may

gi%ﬁl}ﬁseﬂ%c%n& & sgwn@yg%vlate (%glgr ﬁet[ng £ eeedpagllr tV|lS(?OSlltg RIC generally
coﬁi;lﬂéréﬂ‘ SAdsise mcipades,ipattieulste filledihating buize (greahathamg mipron tend to

seﬁt/j?rﬁs?eggyeﬁ %{;ﬁl%\f £§St \ZiFC%?IH’nE(&t L tcglbgb Qldf?io? urtefral'c(t)'ge m'&rQ of the
paativalate fIRH napbe bdmsalamtlh €or ee:mapipl zepamﬂm@teoﬁlldr lmeiy be selected with a
reﬁ%{htvehé lg)?atgeag# aél‘:)a rI;%SI; tal]suc eer PAL tzr%écul}]ag ler %a?r b%ts%lﬁcgég t'h%(rl‘loes not
indl0@basimresidue las b&lcl”restldlgrlmrtadt?erieﬂ}amﬂaé)mu polg&izmtioef datedcally

0:lyhan. about é‘ ) M while a second particulate filler
PAPARCTIZINE SOUHBENS nar ticl e size greater than about 1

m cron, such as about 1 mcron to about 10 m crons or

abofiie gartidubatcofilldrds gdmenatly Bisparssd omsn exXtbinelrphasei. \isfoy fo curing, the

h ' il Y -
PSRN PEUMEH Bl Bl Y08 B S28E  cotiv
compbmbl imlet pnez Cbrqdd éor fxamipld, dtei articiulatsl maienind nzey fherdigpersed such
th&aérgxgv&glll ﬁfoﬁm{ éds l’tﬂ:g afd fﬁfé{)[ﬂ} %géﬁﬂ iGY €t I?erﬂa{hgl Qlltlgulate
and a secon | cu ate 3 having an ave a?
ﬁlp?a nst s!ubdt:mtl_aﬂszﬁeegfrfeattleulaﬂe hggloreraties; r m caahvdn tlagratieglage filler may
[ ! \ | e . .

be?sg?s\r%mglg@ylf lﬁggé-glggegsg:‘ggwgt ¢ ar@Jugageof;l] dér Gféacrh%legsg Gy Eelﬁéie bﬁ’tlcles,
anflj in Ipetlticwia?axarnplewhaismédtlsigréﬁqaot paﬁcwlam@pmeratlom ef aggcond

particul ate filler may have an aspect rati o not

gr eat

Qonay § pafdte BRGman, N GAr Al MUK plriClERa) ¥ aibstnialy
sphericale s ltethagimely.ribg pmﬂl@emdlavem mmgzrry espseftratimgraater| than 1, such as
at GGE e[b@&tlt2 a@l%ﬁ&%bﬁﬁ 395135t']§astt %?{gc@uhléreﬂlrtﬁe Bﬂﬁlg@rh%gect ratio is the

particul’ates with ah aspect
ratio of the longest dimension to the smallest dimension orthogonal to the longest dimension.

o> N

The particles may also be characterized by a secondary aspect ratio defined as the ratio of
orthogonal dimensions in a plane generally perpendicular to the longest dimension. The
particles may be needle-shaped, such as having a primary aspect ratio at least about 2 and a
secondary aspect ratio not greater than about 2, such as about 1. Alternatively, the particles
may be platelet-shaped, such as having an aspect ratio at least about 2 and a secondary aspect

ratio at least about 2.
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at | east about 2 and sharp edges. \Wen selecting a
second particulate filler, settling speed and
woiemossdsy are general ly considered. As size i RCTAA3®S/002836
particulate fillers having a size greater than 1
mcron tend to settle faster, yet exhibit
vi st exgmplerymbRéimenty Siginagiculp falaa}stnr??ﬁred AR auepysEsolution

ant AR Hitht A€ eRAFral ?H&s@t& thd khsPénsioBY Dige 6R0OEK d6F Pbparfn@! such
exanple, a particulate filler_ nay be sel ected w

h a
SURRSAT ot HicUBes, MFRSCHE bsEo BTN, 51 A gf (AEgous gilca Soluton;

poﬂ?}%Bﬁdeﬁéﬁlﬁ%ﬁ@ sifiatd, Qich B0 Hfrteedd sﬁ?&to@d nfnhat‘SO ﬁfh@&djﬁbﬁhg the resulting
i ncl ude a

sic residue as basi¢ r ue, may
silicasplfa g alkpigieys PPty eprgFniratig & ?1? APRipeths ﬁ&@f?%&mnﬁ
of GRNSdrhdll BRidSphasEhe iR ubPefibrR bR bitlohAly reSogRNRkBRY Jnyother solvent
di spersed in an exterpal phase. Prior cur

n
coa%tﬁqnaifr% e pReBROn o PGP REP Bed JAugPUS p*&fcg*eombef O isingiaced
sugi Ekg&rall&'ﬁsrﬂb@ﬂ %ih@id’ce Qé;ﬁhdthé BBa @odilﬁh kigitabr }leﬁﬁ)ﬁilsﬂﬁate solution)

i nder once cure or articulate
Wit eqaeepiration i fhe ranes 8‘FW§%‘H§°? B 0 B AR O e of e
soﬁ&ﬁﬁﬁ aiThs sllibRe RAolyicbitedded td & balrﬁcﬂe bibe Sﬂlﬁﬁﬁmﬁﬁ@ﬁm fon example by
eneral, the particulate fj i s substantjall

tre@pn%tgp @Ikelmng‘ia st leéq %H@P%Wét ac1 rlone?(ﬁ %rs sYdtmg sSica sol
is Rafubtb® W af elklide! BT (IBYpHLES) S l@ﬁbﬁﬂd hglisy ﬁmmpaymwnsalon or

such t hat theprtlculgtef Ier1 (E) ertéag le, b
aggloRgradionah PHEP@RITIGRY, P‘i‘f’nﬁ thesal &p bg gff?ﬁfr e o grample, by
digMlatlod, Bpicany fo Si@pbo@a{tiau@ubfadbeutaa@gb ﬂﬂ‘ﬂrlﬁrtw@ght The 8d1Ys mixed

In a artlctL1 gﬁl_‘:é(l‘re art|cles€ lh
WP of the prigpal i mes sl Y HEpHeR g gplvent constitents
aréN N Ebkrbrd eleYsuspeord dh b ipaitiedarBRbolliaay, theRtidpeiion iasybediitially

ra;]go greater than 1, such as at |east about 2, at
WHEHES about 3, or at |east about 6, wherein the

primary aspect ratio is the ratio of the | ongest
di MERs ifladtioh coft the exterilal @Bdse di rign preairedr titdey dhauldtiont penerally

t di nensi on. The art icles
il B i BE Qo poie SR G o S RTEon G formglagy con b
abbtite209atd aboof 9596 bl e@iuhglfordixampls) z(host 30% @ aﬂoa‘n@S% by welght and
ener.al | e ndi.cu 0 th est di nhen 0
oS! b LRET PR ML b, SR ot T o T s
to rhbblm':lil)% BSPEgit. ITak ifactiin deBSdlSmﬁG(ﬂJbarﬂClﬂﬂd filersghagencharby about
5"/%?(? % (ﬁg&k)o A rr%gatlrﬁé?,:allgglﬁ e’)'%b{()) atbonb 7% hwgi%ht Py%%%uy from
ab[ahtai%ltefab(ﬁiﬂ ap%dby weight, asd masei tppicaly ﬁsmebcbut ravi ® zzbbut 45% by
o T8 e St RS g ove e
paktidulaélly usefulpin epmamhtuoms @tleaapbe oS witd] suth amatdm}it aho)aed) wt%, at
The

vvithfg xt Lgt fthessp ns roc

legsp,pboy %gﬁ/f” e&%é’ﬂg ?Igﬁver P S RET UYL (r)ft l}l%t%:?ucf)n Con&aé with
tralfioaaluilles lthet sobnion Sorated aran@nmamnebﬂnm lowc @is®sityu ancbmproved
processing characteristics at higher loading. The amounts of components are expressed as
weight % of the component relative to the total weight of the composite binder formulation,

unless explicitly stated otherwise.

The external phase may include one or more reaction constituents or polymer
constituents for the preparation of a polymer. A polymer constituent may include monomeric
molecules, polymeric molecules or a combination thereof. The external phase may further

comprise components selected from the group consisting of solvents, plasticizers, chain
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pol ycondensing the silicate, such as to a particle

size of 3 nmto 50 nm adjusting the resulting silica
weabostos3as al kal i ne pH;, optionally concentrati RQTHUIS2006/002836

sol; mixing the sol with constituents of the external

fluid phase of the suspension; and optional r enovin

I
trapEfprAEc. gl SEBlianPBRENS HEACETRY R anedistors and bfens

foSHARMABRE @R flukddy ofhadRp&siodn aqueous silicate sol ution
is |ntroduced such as an alkali netal silicate

sol t|on .,.. a sodium |I|c e or potass
o7 The bt istigfhe G oL eisiog B 21 B Rt HE g A gample
thdé Mﬁ@lréoﬁ’s@l%eﬂt@ _iﬂ_lﬁﬁ Qﬁﬂulal y nMﬁ(br@shi adalasﬁd; f@xl('jthé fwtgmngi‘ﬁ polgfirethane,
e sol ution e silicate i.s ensed,.t o .
Fopy BT oS P s PSS BYSRR gt polymerized

alltyﬂ?s’iflﬂeﬁkgbdtitﬁena kdbﬁ)bﬂ, adiﬁbﬁ{rllé}bﬁtadiﬁie&uliﬁf lpb]ybﬂi’ta&ibﬁehor in general,
e resultin i.ca sol

di

redf i 1P Tk PR e PGSR BP e {6 TR fiplpdes an
acBUd BBt ﬁlbthidaﬁitle polyyen ﬁdl&ﬁﬁllallﬁtl Oﬁlld;preaggirmﬁ%rrmrldbﬂstmfents are

Xi.stin arti es. (pt)ona e sol
RSB e ] Eenien maisp AL © pootinet FoRgrTof By grpple of
poilylﬂi:neﬁbﬁﬁ ot uRGselnikingt upoh exposaizoist hedd ot OﬁchéaOibuh}es \Aﬁlegh’gy such as
The (0] on tuent 0 t e

clqefion Beam Vo el i tous B et PR i ot Slaffon 3 a hemical

cathl}fsstlhdmtﬁﬁl Sr ather E@ﬁﬂ%ﬂ:bf da0sw the Q)o@lnﬁpems:mﬁﬂor polymerize). A
art [ C

et Sl STIBSRRNsiBrS REwaNE Rl Riaahe R ey tran

anmice polgined oxbamdﬁrnof)lagt npolyaier,0such ge Ry htedyureafolmadebydd pelymer,
t

B R B Car b e St BB R o by, bilSmer

acWé@ {pb].yrrfeg lﬁrll(ﬂi)dfa?ghceylata bemd t na?/ﬂfdrﬁlﬂe qbiyln’teg (?/ﬁﬂzﬁxl bgCryiﬁtb,g drylated

coiiia oty Bl AL R RGP I8 EY PRV e sy of

orViety@didd sﬂ[&'tﬂhef iyt p(ﬂymﬁf suthas dicsipes absd ﬂnalytnec; Upcditester polymer;
hase about 5%t about 80% '

fi.ller can q wei gaht .
rejeve Gl PO RHBat OB o PRRBHR Sdoiiby R i ROV polymer;
phiyglicaéd polymem alory tpobet Guetb @mtbléﬁﬁ&ﬁob)ﬁpw ghlymelanisbcyanate
. nore typically fr mabot .209% o b
e oot AATREr Bl At RRRR e RLF e viov
polyinkdr eThe ek@saal phael oﬁhe)hmdarfmrm&nbm may acluge almﬁmherl m ohgomer

ns .at about such

ncent r at i a
o SO ST Pt prefelf o Bt B B R Ghnal GRS e
blmie%onﬁﬁlaﬁm igcleds nasodds of a&’daast thd gipes of polynmeonthatadten witdimay
i R Bk W bR PR RS gy o s
copstineas shan ghaharaldber arsetpmcﬂacaylicipnlyhmr. | oadi ng. The
anounts of conponents are expressed as wei ght % of the

ggrr%nggle?)}en%lahggr}ly 611:1%{{}"([? Ipslgﬁlng re%iog rl:%msgnehg include anionically

and cationically polymerizable precursors. For example, the external phase may include at
least one cationically curable component, e.g., at least one cyclic ether component, cyclic
lactone component, cyclic acetal component, cyclic thioether component, spiro orthoester
component, epoxy-functional component, or oxetane-functional component. Typically, the
external phase includes at least one component selected from the group consisting of epoxy-
functional components and oxetane-functional components. The external phase may include,
relative to the total weight of the composite binder formulation, at least about 10 wt% of

cationically curable components, for example, at least about 20 wt%, typically at least about
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unl ess explicitly stated otherwi se. The external phase
may i nclude one or nore reaction constituents or
weoabosrmssesgonsti tuents for the preparati on of aPpoOIUgRW®E/002836
A pol yner constituent may include nononeric nol ecul es,
pol ymeric mol ecul es or a gonbi nation there
40@%%%

orailegshabews eyt dieupall. dinsar P%ﬁﬁ’ﬁlhlé?ﬂ selative to the total
wé t & tRbednipasite! Bifded FbRlaE61) SbS freater @hn §lﬂiu’t/ ent8% of cationically

ast|C|zers chai ntransfer cat sts
leompasnss; Torjexpaple gt §eates Jﬁ%ha”ﬁfg%%%/a b gesgiepfyan about 80
wﬂ@dfﬁﬁ@ﬁﬁwamgna@mwnmw@@r influencing the fluidity of
t he dlsperS|on The pol yner constituents can form

t he | asti¢s or the
ool PHEPX GBI st Y Sy o JEH e WONGEr S AnEPTafiee e, o
arbridtict dpoxy- ﬂﬁlB@inlaDébanonm |(°Sébb’nﬁ1b &fb&xy”p of ¥l EtE;&hatlc epoxy-functlonal

BT LR PELYGS, Sl PO L DO oL S

onk bbRefe epaB 3tbua] ilel, oh€orlimtratdiree nrenibebiigg strup@tey lpdxiratkispne,
or, in general reactive resins for the production of
t her nos ncl udes

t
acr PR PO TRIRARP Y GG e e SHED! BbR, ndrppg or mor
ar@ﬁz&ﬁzufr@ﬁl Thp ektymlrphesamsatyuﬁdhehtose armeort YRt byoxg twrallidnents An

exGR A eerb ol e, FintpoBrR PR iR R, S DBt rom o
polyphbiedt egy fodh eb‘1s;$aw1§,‘ esclofas eighepo]l A u@h’ -wpabﬁﬁlen@inphenol),
SO SICRIET UML) e
cyﬂbh@iyhd@pblsp‘hemﬂhen' -biygpemndl, ovid €h9-ﬂamsmylklb&e)¢]pﬂeyderTlteobisphenol
w8 Rl TR 850 R PR ARG B B0
E}iamptmtof bispleholagposing mduqimlblyphemol d[gl}&lﬂyhaﬂlﬂe,rﬁuals ts diglycidyl ether
ch. as. al kyl at ed urea-fornmal dehyde pol yner,
f%éﬁp)éf‘ﬁoﬁwé‘ qu‘ Sﬁg?naeﬁ'yd)é pol yner, and al kyl a%/ed Pty
benzoguanam ne- f or mal dehyde pol yner; acryl ate pol ymer
i ncAufalitheg exenrpld eftas ammmtinepdxaqumdai wippalyloimeethangltiiglycidyl ether,
1, e (%F%déoxalgﬁéﬁggétﬁgwqg ?éllfiylaecfll; &t Srg lﬁ)l;n%{lp %P&)yl deé*itVﬁde rfr’om a

PdCryl ated poly
mmpkretnat e.,drdm resprcmol gfd)raﬁtxeidpls,l ﬂesca@n d}gljaillM dthpo oy irpdroquinone

(fdc"r € in?%é H{fﬁé R Ge F@/cgi P%Jch\é "An elrye§orf1 £ i %LWeréyl glycidyl

reac ane heno I'C polymer s
etheesol e and novol ac polyner phenolic/| atex pol yner;
epoxy pol ynmer such as bi sphenol epoxy polyner'

i SO r t I

PR | SREER FonB) £088 0L MR 7 o
phpmlysnw novhlec et eesehEpopi as@,olewf A hemippraidk ¢xafrmimﬂ aa&trcssﬁ epoxy

nofB n%!u{'&ﬁJdé‘sd?or I @Qnﬁ‘l 18K 1@'6%@%%{55 682 BRI, N-673 %1680 N-

Inatron t n a particuldr enbodi mént
698xere¥-n2d, nphafetursfl by Beinippon Ink and Chemicals, Inc. An example of a phenol

epoxy novolac includes, for example, EPICLON N-740, N-770, N-775, or N-865,

manufactured by Dainippon Ink and Chemicals Inc.

In one embodiment, the external phase may contain, relative to the total weight of the

composite binder formulation, at least 10wt% of one or more aromatic epoxies.

Aliphatic epoxy components have one or more epoxy groups and are free of aromatic
rings. The external phase may include one or more aliphatic epoxies. An example of an

aliphatic epoxy includes glycidyl ether of C2-C30 alkyl; 1,2 epoxy of C3-C30 alkyl; mono or
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bi nder fornulation includes nononers of at |east two

types of polynmers that when cured may crosslink. For
wexenspisasst he ext ernal phase may i ncl ude epoxyPCT/US2006/002836

constituents and acryl ic constituents that when cured

form an epoxy/acrylic, polynmer. In_an_exenplary
mglglygidyester o ﬁ’ealwﬁth&eh?l RIS RY ﬁucc?&ﬁﬁéﬁ@ﬁmsf iplnpopepgy! glycol,
cy@Bh@(ﬁh&cﬁHeﬂlalﬂﬂl ddlmﬁlb Byl %y@@tﬂﬁwwlbﬁ Bang) ﬁﬂﬁétﬁdﬁ{eﬁmylene
For exanpl e, iXt er nal ase east

[
oxiffrePA¥RIHE @&dwo SpFoRKieRe %ﬁlﬁpé‘a{&w Y and %Oxyateglaeww alfiehols;
mﬁM@bkC et her conponent, cyclic | actone conponent,

cyclic acetal conponent, cyclic thioether conponent,

spiyo ort ster poxy-functional e .
n%‘o?ﬂfn?m g e’%‘%\ngﬁ?aﬁﬁ @??’%’nlgfzmgeg nPEn&nEorersysiogiptpge ring
stﬁulilﬁre@XtRb[~ readtmlﬂaame alipitakic! (éﬁé}(yaﬂha)i dast oener m@mpmﬁ)héxene oxide

strilgth%%&grg?é&g dma)%ar ou g‘t%i %l::;]clélﬂ' S O%i[b%?% %/f lfre]n%-'ﬁlép%a’? 1C epoxy

comptising ahnghﬁﬁﬁlrdﬁﬁylucﬂdé (hf/dtd@natéceblé}ihleﬂcﬂ A dlg]tyh&ylteﬂteﬁlhydrogenated

RN o YRTASE 0t oBERETYSE PRRPY cOmpnbd, SRg vi

h}ﬂmy@cbhe@l)nie&laﬁd adigigitidy @0 \athi¥, t)2m—hlé(lﬁl-lhydratydydawyl)propane

0/ or at st .a
YT e iR B e o e p Ry etk o -6-
méthyléRbhenipesyitiei-iorgermdigidyribhdxhnrarbootiatgr eat er t hani1(3 4-
catlonically curabl e conponent
ep@@%‘ﬁ}iﬂéexy]ﬁ’gfﬁyg{‘ ?eélfoa{éhan a%out 90 wt % mrjlot gr :g'td ~epoxy-6-
méthgleyciihexim&hyYdeYanedibate ot gkﬁaleﬁeb15(3]a-ap<ﬁdyqt¢toh3£hnm%oxylate)

et]gaglg C}Zg@ Kﬁ%ﬁ g?clfxé’%ef? WE’%%(ME? etllljeg,e é)?t 2 éﬁ? g]%;od(%g;fec oéxexyl -5,5-spiro-3,4~

e;ﬁpyi)x)};clcﬂlelimé-llﬁlftﬁd)xaﬁ@ NP@neainple " rannmiphaticegpoxy 1s) aler listed in U.S.

el L TeRRES FreliEY I AR ane Sratifoonent

conprising one or nobre epoxy groups, i.e., one or nore
t hr Beamembelimeritnte smemat vhass iffcbudes, apletiVe. toAthortetal weight of the

co r]i)asde Sindef T ?al?lon at tugn%utog] %vt‘%.l%frg%l NS %Qoqe(}éh}g‘[?ﬁy @onw)? for

ne or nor
exnamp]leuzd éeastna;bomr lumi"/e oraattdmt abouieffé)oww/ obtip @hphnatis epoky. Generally,

the SEER —m%l phase 1ncﬁud%s rnB{we 0?19 Gl %&gﬁo&%ﬁe cqrrﬂ)%gllcéqﬁ&de??ormulatlon

aromati'c epoxy derive
ndbigepteethal shous UEWt'ast ’dme&bﬁxan@ bpqﬁy for example, not greater than about 50

w%/d'no’r[qe%er anago tgs ?I phenol ), b! sphenol F

rOX)’IO enyl Tret hane), bi sphenol S
(4, 4" -sul fonyl di phenol), 4,4'-
cy CTm@ﬂy,l hel emistnak plven mcludﬂs ate- ¢5j prermxno @yrpoly glycidylethers of

al%fui(lc a c]%h% gﬁ%@aﬁx %19&5‘ ﬁ)og} #Q?&géls or ;%‘f’ye%ei)%p% r}@ﬁ{plp 6f such
a Iqalhpxglentatne]dd(sel g—butamdmiqhglaméxj?ther}zghzn@yl@@ebfof kpp pﬁ@ﬂwlene or
po@%‘%ﬂ/&?yééq@ C%%‘(%? PiFANENRb1AliS Yok tBEES20058C kol 10,000,

glycidylether of polytetramethylene glycol or poly(oxyethylene-oxybutylene) random or

block copolymers. An example of commercially available glycidylether includes a
polyfunctional glycidylether, such as Heloxy 48, Heloxy 67, Heloxy 68, Heloxy 107, and
Grilonit F713; or monofunctional glycidylethers, such as Heloxy 71, Heloxy 505, Heloxy 7,

Heloxy 8, and Heloxy 61 (sold by Resolution Performances, www.resins.com).
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of Bi sphenol A or Bisphenol F. A further exanple of an

aromati ¢ epoxy includes triphenyl ol nethane triglycidyl
wetherog3dssl , | -tri s(p- hydroxyphenyl ) et hane tri gPgtTiudi06/002836

ether or an aromati c epoxy derived from a nonophenol ,

fromresorcinol (for ex le, resorcin )
i GPYFC el BieRoRsY ERntai BB T ABRRARHT0 BWkrfpire typically about
wiby @861 D0 Vg odinghcy@ﬂ péw 1Ry 6thers Ot dlighatie xRERY] SalipBatic polyol,
nonyl phenyl er. In addition, an exanpl e of

Poé}f‘?s%’ipl%]ﬁ@‘tqr@"]@ﬁg 9°1Vﬂcl udes epoxy novol ac, for exanple,
phenol epoxy novol ac and cresol ~epoxy novolac. A

conmRy eke}nalemmal mapf malu@er Qﬁiéﬂ ore mm«ey dxatumi ﬁtﬁc’doﬁ@ll délesonents
for exanpl e, EPI CL

N- 6

CREPS ) \DSBE K SBROnST PIBBS LA PSR BPpy e one or more

foliam&rh i eiflg stiustuddd GncGligig chabsyged nel thidd cabkampdmsbead a :
phenol epoxy novol ac i ncludes, for exanple EPI CLON

7
Dai ﬁ}fa&?glﬁ F Wtagﬁsdnahde rﬁogg?nsen‘s ﬁ%presiarlfjce@bﬁr HE ﬁgﬁlog&&é‘or{nula
the external phase may contain, relative to the total
wei ght of the conpogw%/kﬁzﬁdgr Roor mul at i on, at | east
10wt % of one or nor TOpR} i C epoxies. Allphatic epoxy
conmponents have one of'~1Or & epoxy groups and are free
of aromatic rings. The external phase may include one
or nore aliphatic epoxies. An exanple of an aliphatic

whepdxy i ncl udes gl ycidyl ether of C2-C30 alkyl; 1,2
epoxy of C3-C30 al kyl; nmono ormulti glycidyl ether of

el 'reHJi@&dté:a ﬁjlfcﬁ@é?:ﬁlato%f aﬁ) QYO roSHERndS b 64:3%5 aRadi(Qlch as a

neo enty cycl ohexane™ di net hanol

mﬁ@dp@hﬁl ;ﬂrorgl ;@e bwl aroupprattivgrogiky kreppdiguing 1o 6 catbon at. atoms, an allyl
gr@ﬂJ ¥ &41 AL Qﬁirﬁ%@o@x&qq}’nelg@ Fﬁéﬁﬁ :hyl ene oxi de,

pol ypropyl ene oxi de, ycero and al koxyl at ed

al i phatic al cohol s; or ponoIs I n gne enbodi nent,
al i §% aenreseripak plkyics BROBR hafiee brto FrrEbor FAmSasTHALL 3 eethylene

ety 149, Sbpyikab Wr SSty1eh® @roﬁ%}aBMneh;lky‘léﬁ@ gRlup BHRLihiGg 8P Q%M‘ lﬁiﬁé/ge for
Have oneé or nore cy cl ohexene oxi de structures,

exewaﬁmn@xyqlmerewuaf%smﬁen@ﬂ% QerEPgPEene, mxgmee%mup
of an aliphatic epoxy conprising a ring structure

I NCY, YgRSeliydl Qgemak@slot siftnesdh; »Ad di gl yci dyl et her,
hydrogenated(g?sphenol F diglycidyl ether,

oy PSR RHBHEAEO R ot B8 P T Fispon 5 (.,  metty
gréups ety Sdréup b Py Ope bldhl@i )gko)up} ap alkenyll g@uy hivdiyd 2-6tchdon atoms
(e%{,g,_lepgopf gyCl on )éolpquf oup,% methﬁ ‘ixp¥§ eﬁ;lll()gl;]c?u)f),a G P? pyopenyl
group, 1-butenyl group, 2-butenyl group, or 3-butenyl group), an aryl group having 6-18
carbon atoms (e.g., a phenyl group, naphthyl group, anthranyl group, or phenanthryl group), a
substituted or unsubstituted aralkyl group having 7-18 carbon atoms (e.g., a benzyl group,
fluorobenzyl group, methoxy benzyl group, phenethyl group, styryl group, cynnamyl group,
ethoxybenzyl group), an aryloxyalkyl group (e.g., 2 phenoxymethyl group or phenoxyethyl
group), an alkylcarbonyl group having 2-6 carbon atoms (e.g., an ethylcarbonyl group,
propylcarbonyl group, or butylcarbonyl group), an alkoxy carbonyl group having 2-6 carbon
atoms (e.g., an ethoxycarbonyl group, propoxycarbonyl group, or butoxycarbonyl group), an
N-alkylcarbamoyl group having 2-6 carbon atoms (e.g., an ethylcarbamoyl group,

propylcarbamoyl group, butylcarbamoyl group, or pentylcarbamoyl group), or a
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met hyl cycl ohexyl net hyl - 3, 4- epoxy- 6- nmet hyl cycl ohexaneca

rboxyl ate, di(3,4- epoxycycl ohexyl net hyl ) hexanedi oat e,
wdi20@/083688poxy- 6- mnet hyl cycl ohexyl net hyl ) hexanedTawatmes/002836

et hyl enebi s( 3, 4- epoxycyclohexanecarboxylate)

et hanedi ol dj (3, 4- epoxycyclohexylnethy ;£ or
polyetherezug 5@3@%9{:1,089] é'&rypn gtoms.g FQqﬂopagtlc {arly useful oxetane includes 3-

eﬂ@p9xy}&ym&@mﬁyaaﬁymmémﬂéoxane An exanpl e of an
aliphatic epoxy is also listed in U S. Patent

6,410, 127, whi.ch is_hereb t
SR I ML E MR AT AT R ——

phRR&SE ihdhedewde s mére et iadRallrabReoimpdrhts\ed. Oink of)fnoteff&e radlcal
|te bi nder fornul ati on,

oG e PR, BB Bl P BT E T ok uch a

(m3thQudty1atO(i\ef, Yer@lhte df mbiBaSY]atabdtiord] compPorehtst he al i phatic
epoxy General ly, the external phase i ncl udes,

relative to the tot e co bi n
For i SKeR, oinamadetied finaisel S0TRERA GBI ineludes
acBlldnfiba N, N—cﬁﬁﬁk}};&acrﬁﬂmde,x(&réﬂi)&:ryl@}%o@hﬁﬁieﬁV -amar8, Abiogthyloctyl
ut 40 wt,%

not eate [

gt " BT ey R sRE oo, SRS eyt
iscbbngl dl)dtlﬁhdiﬁlats Déthghéxyh ahetlo:)a@yla@hﬂh)ﬂdlelhyllemgycio(t (meth)acrylate,
t-c{%g/ Stﬁ@f;glgaﬂ'ﬁtﬁ Sgclhea%gtm ey ﬁ'lé%]e) lgoh géﬁ%@ ;Jn}{l(l)c!eﬁl'yl 'ageth)acrylate,
diékthylarhidbalmg (ima’chohcgllay@ i lytlyle (1h:ﬁll),acrg]la§e;: ldﬂbyd:leﬁeh‘adienff (meth)acrylate,

.po] yox h ne or I 0 col .ol of
o Z AR, rBToARLP" SBY-RREElY o mepbblel o
digétitglythyatrpamidefetripaloydphbyd rret(inyﬂmmglagd y C @Heteachlorophenoxyethyl
B ARG P ol SRl A G g, 2
te@byﬁﬁ@yémkmuyli ncdmtdeaz:ryslatp,ol yﬂandﬂdropiahmgbtjmll dy l(m¢theerylate,

.such a Q
Ry e e of MNBRRE TR R pdfdonany
(nethyderydste, Hel-lgfxlgoxylippyﬂ-le [metly)aéz'r@ﬁte Hahyixz;pr(ﬂactdml N(ylnﬂpyraﬂidone
pl\ﬁ%‘})/? fs(ﬁéthgagmger%ét &%I(l)r Krtant?gtﬁ arcef QL ac{l:]lg nczp’herﬁll élgeth)(acréglate
pe%%h@pl&hpluﬁneﬂoaml%, pnjy@h}ﬂqnpl glbﬁdol yloladmﬂl)@rylﬁtfgo padypropylene

| .. et her.

o0 e s POS) Qs B eSS RPl f pecrioe
<xamombhmﬁmhmmmmlyol The external phase may include one

or nore oxetane-functional conponents ("oxetanes").

O}(g{}g ?{ﬁmﬁ & 0?gl??;8@?&&&%}0@%}’%tﬁgelﬁéh?rlgglénsgﬁlﬁ%do% 3héht includes
- g structures
eth}fhﬁmleuglyn@ (dl(ﬂleﬁb)ayg’m adidydlépentenyd a difoethyaenylaee; striethylene glycol
dl%(‘ﬁye a OI I‘cet?aeth i%gé aggﬁlcélndcﬁl&%ths&pﬁﬁgenttﬁcyc?dﬁ%&ﬁ@&&lﬁ&eﬁ%lene
di(meth)acrylate, trimethylolpropane tri(meth)acrylate, ethoxylated trimethylolpropane
tri(meth)acrylate, propoxylated trimethylolpropane tri(meth)acrylate, tripropylene glycol
di(meth)acrylate, neopentyl glycol di(meth)acrylate, both-terminal (meth)acrylic acid adduct
of bisphenol A diglycidyl ether, 1,4-butanediol di(meth)acrylate, 1,6-hexanediol
di(meth)acrylate,  polyethylene  glycol  di(meth)acrylate,  (meth)acrylate-functional
pentaerythritol ~ derivatives (e.g., pentaerythritol tri(meth)acrylate, pentaerythritol
tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate, dipentaerythritol
penta(meth)acrylate, or dipentaerythritol tetra(meth)acrylate), ditrimethylolpropane
tetra(meth)acrylate, ethoxylated bisphenol A di(meth)acrylate, propoxylated bisphenol A

di(meth)acrylate, ethoxylated hydrogenated bisphenol A di(meth)acrylate, propoxylated -
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wherein @ represents a hydrogen atom an al kyl group
having 1 to 6 carbon atons (such as a nethyl, ethyl,

wonroyis3ess®r butyl group), a fluoroal kyl group Raviusgnod/ 002836
to 6 carbon atons, an allyl group, an aryl group, a

i BBl Bt R TS Bt

dlmmwrﬁns,orebbmblﬁnenﬂféfe@ﬁyl ene, or butyl ene group), or
an al erne group containing an ether |inkage, for

3]31) B)eflin n OX Tthﬁ%ﬁ?vﬁxgﬁggb?%ﬁ%g%aﬁgggl @géﬁtgllgérﬁng%hvmg

at Qé@égen(n&ﬂgmrﬂﬁte GrSupsf for exbraple, ard RZmétRRPERENE®Us or 5 to 6
en atom an al kyl group having 1-6 carbon atons

h
(m(%”’;f eyl group, ethyl group, propyl group, or
butyl group), an al kenyl group having 2-6 carbon atons
( e. Xy partizulbr prbgaémaits, greauiernal plpso plehlyés gilammp) fo the total weight of

2-nmet hyl -.I.- prapenyl. grou en
0 Bapay: bR it S gt gPBllp? 7S S ilerly mofy Sipyadic
po@l”neailzgﬂle goropopelts vion @X&ﬁ&plEB at deabtosboat 6nNet%4 er gt Jeast aﬂ»humgllwt%

Hg) the a&gb%%tqh?{?? g’l l‘u ant n;%gﬁer r ou uat?%l hfb gin %rre]eg ){‘adlcal
pol}&\ﬂmﬂ@le? edlﬁpomartbcfnr aiaﬂmf (et geaterathhle alzq,uk 36 rwt%p not greater than
en rQu ¥y benz ou et hyl
abal];tlﬁg 6\%‘9 ?é{/elat% &1018 %?OH%OE \Arf]ta/ of not lgyeatelgt'ii ﬁdo EZ\Qnt%/ |
group), an aryl oxyal kyl group (e , a phenoxynet hyl
gr oﬁglecally;thep@myetrb@ctiorgcromstpyentsam pwlctnycbrs havigonpierggect fpast two
t r ) ,
L e
examploxyn clau}cbqngdursgr owp Ham/iZntg 1Be16 epaxbimctimalrgrogws. gln another
ex%m{)lg,;al?lgag u%/orr 8%% ;?M twh kfrggl)é)ﬁf ?%?rg/ﬁye fu?JtBh'zH &ro%l;s
havi ng 2- 6 car bon at ons ( e.g., an ethylcar bam)yl
gr olthas prwisinglydrebm fuyd thyr arugxterbal phise andbukingyd cagrnongnt haying a

po@%?l%y %&%&EMS egge(?llélﬂ) ecﬂa[mc%pﬁj %&&%ﬁg{ Qly@oihﬂé/&&lﬂ)osrte binder

carbon atons. e part useful oxetane
foinmdatiodes An example- 8f (azsemhwnﬁekw@(mpmﬂhyroke@l@n@ ipqhudes
rln o) icall
BRI rsheRtal, o0 Ahieusablan opl Ko o

powetmwélyren@eolr adp@ﬁbtramﬂ?abneh@lommnﬁ one eor gmoreonéycerbonate
grg[&'é eorfarc%ﬁlb 3 f’ﬁlareﬁo lIX gﬁ%fn%@tﬁlngnt Ctﬁggﬁ%ﬂt;ﬁlaﬁq diMEs BBeen 5

thyl eni ca unsat urat ed groups, such as
Wtﬁ/n@ﬁﬂpaﬁ?/wf atcempqung haVllwcﬁfBﬂIb@ﬂ@r eackbraehacr yl at e)
functional conponents. An exanple of a nonofunctional

et Iyl Ltk biast AS3talib A Bfle CRINQOERY inltREh LIRS example, a cationic

initiator may catalyze reactions between cationic polymerizable constituents. A radical

initiator may activate free-radical polymerization of radiacally polymerizable constituents.
The initiator may be activated by thermal energy or actinic radiation. For example, an
initiator may include a cationic photoinitiator that catalyzes cationic polymerization reactions
when exposed to actinic radiation. In another example, the initiator may include a radical
photoinitiator that initiates free-radical polymerization reactions when exposed to actinic
radiation. Actinic radiation includes particulate or non-particulate radiation and is intended to
include electron beam radiation and electromagnetic radiation. In a particular embodiment,

electromagnetic radiation includes radiation having at least one wavelength in the range of
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acryl am de, N, N-di net hyl acryl am de,
(et h) acryl oyl nor phol i ne, 7-am no- 3, 7-di net hyl oct yl

wOneiclgass yl at e, i sobut oxynet hyl (et h) acryl am #€T1/US2006/002836

isoborayloxyethyl (et h)acryl ate, isobornyl
yi hexy| .

abganﬁltqla oyha)lln etﬁ?é)O a61§1 in (p%%%éﬁlfég’ra%]%n e’s 3@ ffxtg gltit§/alv1olet range of the
e%@mth@abcﬁhanmde dlacetone (met h) acryl am de

dinethylaninoethyl (et h)acryl ate, diethylam noet hyl

( rrebhx%e?aci lcQtE ﬁo?gﬁ{lltl t%gegrg)rﬁﬁérﬂlsatﬂﬁt form active species that, if

dlcyc op hta A acryl ate
expossy cib oystimic enojdbtmny etehydpalflenstf 1o} deasty partially polymerizing epoxides or

c»glta?l%s;: ngdr?‘e%}glﬁﬁ%e %Y%gg)rﬁng)gogﬁp eﬁyrpé@» %gbrﬂg){a{l&dré to actlnlc radiation,

fozntcmomaﬁht @nadptige theyedctigds of n@{ohl):dtyrgqlmeelzable components such as
q}ﬁﬁ de of urfuryl (meth)acryl ate, tetrabronophenyl
acry ate - tetrabronophenoxyet hyl
(neth)acrylate 2 trichl orophenoxyet hyl
( rreAn)ezmglq: af @ catiopic iphefmpiaton ycludere {4 eaapple, omaum salt with anions
oiQWJaf( i‘%? %y@)ﬁn% e thdTRIHA ﬁ&lBﬁﬂnﬁfsﬁt af mgrl Qaw&tafmfomum
ate roxypropyl (meth)acryla
» m}th@p d@spralzeriam plmhvhedy pypeap | Hatsihn épplﬁﬁ@noﬁlj e1t5ﬁ9/<r4 and WO

95(/5%{5?)@5%[]%;(& 1 seﬁt"’é&ﬁ%ﬁh@éhbeﬁnﬁﬁ Ia)lzfilﬁiflé/ ll@bﬁohshed European patent
pentachl orop g )acryl ate ent abr onophenyl
appheatin) s %,519&? &42He gyﬁ)pha}ﬂdéﬁ@ 141 sr@gliazonium salt, such as described, for

e)ﬁﬂlgg( EURS)) f"zﬁényg ?‘7(% 29@ qhy 96929%66‘ g:3)| QEMQQIthese disclosures are hereby
met'h) acryl ate, bornyl (neth)acryl ate,

mﬁ@pcn?ip@ mjt 1h<§qt1éq%b3d1|‘e§qr%@| Othpreaxppley 9 cgtl@uc photgnitiators include
mQth'&leﬁkaEdltO BudhN&r &RLribedNrof )éﬁ’z{ﬁﬂhee Sn %bl'igﬂgd @Q}c))ﬁgdﬁnéﬂph@ﬁ@ﬁs EP

thyleni cally unsat urat ed onent i ncl udes et hyl ene
9@1@ cofl 949 reningbaeppjications ag bgtn&h@véﬁtlworated in their entirety by
refl- @Bt h) acryl ate, triethylene glycol diacrylate,
tetraet hyl ene glycol di(neth)acrylate,
tricycl odecanedi yl di met hyl ene di (nmeth)acryl ate,
t ri Hetsiprlbrpes entss jtlen@xan)ah Phype dncdudeg ORG 1 mgkegpfiotoinitiators
re%;febéﬁ?éﬁ'ﬂylt@fmdwﬁg‘ﬁrlhﬁlh Eﬁ%li %.acr ylate, propoxyl ated
ri met hyl ol propane tri (neth)acrylate, tripropyl ene
glycol/- yhat e, neopentyl glycol
7 h-teYm nal (neth)acrylic acid

adduct \ A di glycidyl ether, 1,4-butanedio
dl(neth)acrﬂﬁ te, 1, 6-hexanedi ol di (neth)acryl ate,
pol yet hyl ene gl ycol di (neth)acryl ate,
(neth)acrylate functional pentaerythritol derivatives
(e.qg., pe té@%vt tri(meth)acryl ate,
(neth)acrylate di pentaerythritol
hexa( S dlpeﬁmaerythrltol
penta(neth) or di pentaerythritol
tetra(net h) ate), ditrimethyl ol propane
tetra(nmeth) ass , ethoxyl ated bi sphenol A
di (neth)acryl ate, propoxyl ated bi sphenol A
wherein

Q3 represents a hydrogen atom, an alkyl group having 1 to 18 carbon atoms, or an

alkoxyl group having 1 to 18 carbon atoms;
M represents a metal atom, e.g., antimony;

Z represents a halogen atom, e.g., fluorine; and
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di (net h)acryl ate, ethoxyl ated hydrogenated bi sphenol A

di (nmeth)acryl ate, propoxylated -nodified hydrogenated
woizelesss A di (neth)acryl ate, ethoxyl ated bi spbemskook002836

di (nmeth)acrylate, or a conbination thereof. In one

enbodi nent, the binder formulation cqonprises one or

morids Be YplgH anmBeriof e mstabte.8-d8 the3aepE MRy | at e

groups, for exanple, 3 to 6 (neth)acrylate groups or 5

to @ daiRu é@lfnﬁle@ttﬁe Bt6xH4l phadeNnddadeb, | reletiar to @REOREI RRIZhSof the
t he _ext er nal

ase includes, relati e total
COMBPGHRDitier (HE BB GOPYLED: ivideto 18R i ?fh Onigy Or| Pyt cationic
pheRiidiateds, Wr%xahpl&RBoR I wWiRIt6 abdue €0 Wkl cal pol ynmeri zabl e
conponents, for exanple, at |east about 5 wt % or at

I t. t 9 W% t l.
| RIT e Opheatalr PRaSAAt i tp bR 8% ey el or »

suﬂ'@{uﬁﬁ&i’oh@&b |sglt.c a¥pfah efvhftic beiimedcaifldxesalty ate firtkat éscribed, for

BTN I AT T

refbfentd. %Alﬁ%ﬁﬁﬁ}ﬂﬁlt/yaroﬂhﬁlﬁ: pabyioRr congAed isalh imdudss iat diantlisdonium

ors haye on, aver | east t funct i onal
negifpisehorei Snd iy R eP UG AL e Rtes. o An PG Bomati
suﬁ'orﬂulﬁur&)tnlpléﬂ alsalyr Gntdsles Far teptapl@fonfum ehooaﬁucpbz&mmbﬁm p-

or nct nal _groups n. an
g e e e S o e P ot o iR Qa1
pheitiénaybisydipieay fHis(IC-611a)hegiflnogosatinldnatly)s sur pri si ngly
been found that an external phase incl udi ng a

conponent havi khan
o RRL PR i Fr BSTeAR BB ARG T R s SIGFS 0 of e
spbcitmlde rHcfvmvaiha}tr tanrbe sém;lt&xchwph@naaf ul&a‘adﬁmdmhb xhakvle reglgaof the
bac e in t.et ranet h n
o Bt 1o Py eel D et AR SOgpae R pyhptary
semﬁtlz{ao |11y:tlﬂt§§ ammtdn;ahe re@rdineo by, aa:opmédyaremammhg/ychm élddnobarbon as
con one ory Y, r Qup
de&%% i© on er eogD P 1L’n’?\% 422%%%592% iﬂ% { %e&g%} Sc{anfen% which s
m«mnmﬁed ncdintiesfdogaeen 5 wt % and 20 wt % of a conpound
having a pol yet her backbone. The external phase may
2| ?R Oshult% :J]%ll% ogia{v%!a&%t& aﬂ&’?et 1ﬂ& E&rﬁﬁgel%{: %?‘a.lt 6&8&%@?% h&critﬁed, for
exag@pleoini (&S palt. \¥asr § QSibTOQ (Komsnt)n f.08ht & (Palazzatid ebdl); and 5,252,694
- I [
(Wlﬁé&{ ét% ?lthenéﬁ% o@&rteé X Igfl'fegrg grlﬁé@g{aﬁegr%le&m Wf‘e!re;n@% : 12{1‘ e)%fmplary
orgealymb@haciompktc e:dlt tuyefullmrphatoa@weuagly inffatag uncmdes (’n -benzene)(n -
PO, 3
2435 ‘%“garﬁlu ec%]?] ot SeFcy ) ttghrlertéggt Cfok’ éft%eg cat | on %@xylene)(“
cyp]obcy@remzla&q lo%hFe e & choere)(m’ -cyclopentadienyl)Fe*' PFy, (n -xylenes (mixed

isomers))(n’-cyclopentadienyl)-  Fe*'  SbFs, (n®xylenes  (mixed  isomers))(n’-

cyclopentadieny)Fe'! PFs, (n°-o-xylene)(n’-cyclopentadienyl)Fe? CF; SOy, (n°m-
xylene)(n’-cyclopentadienyl)Fe*' BF, (n’-mesitylene)(n’-cyclopentadienyl)Fe*' SbF, (-
hexamethylbenzene)(r’-cyclopentadienyl)Fe ™! SbFsOH’, (n’-fluorene)(n’-

cyclopentadienyl)Fe*! SbF, or a combination thereof.

Optionally, organometallic salt catalysts can be accompanied by an accelerator, such as
an oxalate ester of a tertiary alcohol. If present, the accelerator desirably comprises from

about 0.1% to about 4% by weight of the total binder formulation.
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when exposed to actinic radiation. |In another exanple,

the initiator may include a radical photoinitiator
wOheoe/0884s8 i at es free-radi cal pol ymeri zati on r eRCTiUSE®G6/002836

when exposed to actinic radiation. Actinic radiation

i ncludes particul ate or non-particul ate radiation ang )

5 At geumersally eYaladle eMRRicPBrIOBEIF SIS AP GFPTIAg Sulfonium

cof%?n%ﬁtsﬁlp RSkl for RSN, ufdbr tetrale RBdidatst BX-S1) cfwnnmﬁnesota
ectromagnet i c radlatlon |ncludes radlatlo% havi ng

Mingigsand ddanuastieing REPRAYN St Ravly Mite rapBeite S lithcpgplex sl

haalkag e tFA0 doy@NGh "UVI-6984 ¢ | aGhklaBle, frof VRWETIETIGa] [03., R €hivacure
ultravi ol et range of the electronagnetlc spectrun1

li#eneral Iy, cationic photoinitiators are naterials that
formactive species that, if exposed to actinic

r adl“lﬁ:t dxﬁi‘hal pliage fmaypP %ﬁloﬁal@f inatdd ﬁﬁﬁﬁnﬂéﬂérﬁ iuéﬂfﬁl)for photocuring free-
in pox oxet.an or
rol Y TSGR P S o DIt B 6Nt PRyoliiop fpeludes
beﬁ@@habh@roe g¥ GEFoptRh bR Iau@haﬂastaaed Ibemjg})m&net ke alkoxy-subsituted
reactions, of .catiqnica meri z e campopents, .
bengpppengae) e‘gfaﬁ“é?ﬂ L iz%‘ggm SR BT Benein et gy henzoin
etlB/N Qdtidk, nht]ch BEMbin fé@l%rUﬂ@ﬁeﬂlleﬁ‘ oraer@manpieﬁyl ahérlmmé ailehzddM tabetate);
ani ons of weak nucl eophilicit e inc es a
acHgPhSAMSM saf¥h andy odd&§ioPRERPEe: or %\Eéﬂ?n%)% frfophgnone,  4-
(p ﬁéﬁgilﬁn@ace@@ﬁ@ﬂdnbednd 84p&b1gbr\?%eg>§%ngg¢6}emmak@¢n such as benzil
icatio an a.su
gy B A B ey et gniracapetin ot o B P gt one, 2-
et@ﬁélﬂ?%%g?g@t e nt-teiiﬂbtﬂiylaﬁtafalqﬁlﬁmelfp 315&ﬁc90anﬂﬂ=3]714hon54509nd 2-
an or ni u uc des
TS, SPhy PR R e e s 0p e SRt s Rample,
2, Nkrlrﬁétﬁmﬁenﬂfyld@e&ﬁgldisﬂﬁifl@Sbm@ allilexdﬁ&lbﬁeby ol nmﬁlm)ﬁé ateddine
ei entirety | refer her
e phensibp GRHTAE & BRBSTE G s o A Ra e Baynedione.2-0-
beﬁwyltbxaﬁe, dasedindpBehyl (kétoﬁéé araspl @-hydoxyphibiyi SheﬁbnEur agpeans I
|c io s EP 94914 an 4915, .appl i i ons
by g yEhOR: do] melistr aBheT o AR RPRegif g a4
1sdp@5;@[pﬁﬁ@ﬂ{l-hbﬂtoﬁ9ﬁﬁiﬁfﬂp§l)l}étcﬁﬁhﬁdl tff&ﬁlteﬁc,oniphtﬁldefot exanglle, 4™-methyl
hotoinitiato
Rl P G RE Ty Regal "or () ¢ ahop Sy R 4.6

bisteghl@saethd, @ pamaehgenstayarzigen al Kyl group having 1 to
18 carbon atons, or an al koxyl group having 1 to 18

gﬁ{ ﬁgﬁg}ﬁn%fmry pMo[ rp tla%sre r}rtlc‘?uda €s etngom act)ro ifs ?lérgv'ative such as a-
methylbenzoin; U-phenylbenzoin; a-allylbenzoin; a-benzylbenzoin; benzoin ethers such as

benzil dimethyl ketal (available, for example, under the trade designation "IRGACURE 651"

from Ciba Specialty Chemicals), benzoin methyl ether, benzoin ethyl ether, benzoin n-butyl
ether; acetophenone or its derivative, such as 2-hydroxy-2-methyl-1-phenyl-1-propanone
(available, for example, under the trade designation "DAROCUR 1173" from Ciba Specialty
Chemicals) and 1-hydroxycyclohexyl phenyl ketone (available, for example, under the trade
designation "IRGACURE 184" from Ciba Specialty Chemicals); 2-methyl-1-[4-
(methylthio)phenyl]-2-(4-morpholinyl)- -1-propanone (available, for example, under the trade
designation "IRGACURE 907" from Ciba Specialty Chemicals); 2-benzyl-2-(dimethlamino)-
1-[4-(4-morpholinyl)phenyl]-1-butanone (available, for example, under the trade designation

"IRGACURE 369" from Ciba S'pecialty Chemicals); or a blend thereof.
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Z represents a hal ogen atom e.g., fluorine; andt is
the val ent nunber of the netal, e.g., 5 in the case of
wanoviernssngs | n particul ar exanpl es, the exter naPCphasm®e6/002836
includes relative to the total weight of the
ﬂgESIte bi nder formul ation, about 0.1 wt%to ab
aphest usstvk Rbptoiiator cmeludssi RIVRIABt e ether gnisoing 6t 1 cther;

anﬁﬁ(@]mbﬁes mués Al @uﬁr@n@bpéthylzltﬁhﬂﬁu@on&y D—'cHl@ffohh’thranﬂnone 1,4-

.onrum sa hot oi ni or .includes an |iodonjumco
iy naghraggiadipe bﬁ?fé}%yeﬁ%ﬂ!@&%a‘?epzantbéwmon%%mhwﬁﬂ Jines, and

th® k& Mh&20pAkRhe S £ délr[v@tl‘fd«l ribdi@lunt 8SE ot REMonifre rsal’c as described
example, in U S. Pat. B?%@@ 828 (Smth)

gD dr BRI el sud 7 A @/&W@F@WQ@}SD 6-difluoro-3-

(1Herfyﬁ6@l)ﬁ&ny1&narﬁaaﬁ MRé GkrYer&iAIGTRAVaflatil® d @ftiel MO NpAdB X c&ﬁlgﬁanon
i nCl udes di ar I|odon|un1hexaf|uorophosphate or

"CHIEAAC o HENTR HbR APPSR AiRFat GalomR ERELPBFIZFRP Psuch as 4-
bréth By 1KitrSbEnERBI AHAD ﬁl@nﬁl&e)brsﬁbﬁo-l Mbid@@ﬁplﬂ)sphme (available, for
tri henylsulfonlun1hexaf|uoroan nat e en "
eanﬁplsfpﬁ%ﬁﬂ)ad%ﬁ@m Chemicalh Prfler H@ f deviera QHSHB%%/g%URErWOO
"TRGABURENI 900" ( t *ﬂR@ACUﬂEl-lsso" and "DAROCUR 4265"). A suitable

hen | ene) bi s phenyl 6-11) hexaf | uoroanti mgn
PHp@yRaR Bhn s A B & (5 é‘?Oéfe tYpticand) gpecies, such as a- Yoy

keﬂJﬂ@/bQ‘?l@H&bth&ﬂ&m Ib)end Mavailgblél| fof Bskb@plel uh®gi e tRlle tdesignation
ectrum er, they e sensitized to the near

AFFQV?%P@@”&H&b?ﬁ@m@ﬁ§pbgn°$%hge of the spectrum by

sensitizers for known photol yzabl e organi ¢ hal ogen

COMRORIREE:. suabRXBEM kallichl pRotSinitiate intlidds Ugte Sond dye-counter ion
col.ored aromati c

aromatl ¢, am ne
Cowa@cgﬁﬁgﬁ Caggb?ed%’[ﬁgﬁqubl%actlingrrayé)ggﬂﬁ{o ume{%%ﬁ gglczf_l,%twhlch can
iniNote the BSIOMEDALiGrSOT the )acryldhe. esClod SxareplQfpublished Bufopean Patent

photoRee Pk cSoP AT el 90 o g

aré ho&as if@swrdtkied theirentiretyaypéferenden U. S. Pat. Nos.
5,059, 701 (Keipert); 5,191, 101 (Palazzotto et al.);
and, 5, lett

i SRR oiearettr 81 Ay P BB, B AR50 we, for
examploiod pigater t@ﬂﬂzﬂmﬁ 18l Wit ambigpibaily roagrtatersfnliboatss wt%, based on

thgt}gl gv%]% cgalitx atHg/.cFef Iggllll%t c%{) Ir Q}glmlf)fje a pho(t0116131t19t%r ma n&) ;(resent in an
an{dubt dfol luereio(0D-vays hep emo adut%mg' b)) Fe% lorAsds6btypically 0.1 wt% to 2.0

@g)a%eér%nlé% t%ﬁgw81§g lgglg Igoﬁrrgl g FeﬂiholJ_.;glgambunts outside of these

rafides may hBo1BS us(efnlx 80bnie :emmls )tl)e( pibtonpitt@pepesd mny lapouFatleast

abgk}tﬂ IOWG/WQE’I a3 ﬁel/lﬁzjs't_.gbs ur(lﬁ(}g,&zgﬁ of B QMBS 4 3%0% to 10.0 wi.

(hd- o- xyl ene) (h5- cyclopentadlenyI)Fe+ 1 CF3 s ,
( h6Opdnelye a(thdrmalcoucdtiop mayévdiilmhyiled Frethe xtBiE4l phase. Such a thermal

cu‘atc]i(\jlé qgsgénte%h}? Ql?grlglgﬁ?y_ s%qu P %&pg‘ra fe yalt )\REI?Ch mijmn%bgf the (:ngponents
takes place. Exemplary thermal curatives for epoxy resins and acrylates are well known in

the art, and are described, for example, in U.S. Pat. No. 6,258,138 (DeVoe et al.), the

disclosure of which is incorporated herein by reference. A thermal curative may be present in
a binder precursor in any effective amount. Such amounts are typically in the range of about
0.01 wt% to about 5.0 wi%, desirably in the range from about 0.025 wt% to about 2.0 wt% by
weight, based upon the weight of the binder formulation, although amounts outside of these

ranges may also be useful.
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hexamet hyl benzene) (h5- cycl opent adi enyl ) Fe+1 SbF50H

(hd-fl uorene) (h5- cycl opentadi enyl)Fe+ 1 SbF6 ", or a
woandsioszass on t hereof . Optional ly, organonetal | PCTR&R106/002836

catalysts can be acconpani ed by an accelerator such

%g oxaI ester a} erti ar al coho gres
¢ he e paere ’%FF I’&aé(s%lﬁ"a‘BWA e ‘FF{SFP Biepts 6tﬁha?aaatv s /%Stlszers
cr@@ﬂt%ﬁelrs"r%aklytrmﬁfegh enff sthl!ilﬁze%s@tiﬁberﬁhﬁﬁ@.frmé Qpdn, adak@dh. ediators
. t t1rat
g8 PSR e T 9B § SRR PE ol the Sxtotnal Hhase can
alﬁ)\éf;l(blgi&d)&forfn@fre Eli@@ilﬁitr@fer Kjﬂgbﬁﬁ rselb&t&ldfrbrﬁdl%f Q—Bﬁ;j @Hl@f&ﬂn@'bf polyol,
" EX- rom a M.ning an nyfact uring
Pfé@%%enﬁneas?r brgsig t be gﬁv ol eﬂ}?ﬁ Pa: @%P@Xtﬁtt% um

conpl ex salt havi ng t he trade deS| gnation "UWVI-6974",
avalin alother éXaMeDﬂw ekemal piake 1@@{ inclnde &dditicasitotpddests, such as a

gy SR P pr RO PR o fRGealan ARy casmgaitya gorticuer

hyjdedxy4fuiecibiad Wﬁinpafemy isadteant cﬁfablcxgnq;ds gswh @, foresampldj aaylate-,
hot t t | ncl ude . 0. .
it el 2191 SR oA £ RSt o of gpotintators.

al koxy-subsi tuted benzophenone); benzoin (e.qg.,
Thzeextanal phbs&nmmj incBilb ens or mmodwhjatoweﬁummioml metnlpyﬂtenet hEydroxy-
fugalolzla(glcn g%]nh S m%tg?)% rhbl,pﬁlrl] dtb ﬁp er ¥ olBrltt %halﬁ) )%1 'preotplc]&es of the binder
foamdat@ph@mn@ue smhhahoacﬁn@phdnmr@pnent includes monol (a hydroxy-
futlét Olelﬂy%g ace?’é’%)%’el o(l)‘ln ehydr roxy group) or polyol (a hydroxy-functional
conpbnahit omhmmugm@thbuemmdrobﬁmup) ketal, such as benzil

di met hyl ketal, and benzil diethyl ketal;

ant pr i -

R r@ﬁr&gﬂ&ﬂ@e exatlt %ﬂ: %Se{ %Stdt : 1};0"39}1 caqﬂ(%nﬁgtﬂlgcluges an alkanol, a

et hyl ragui non ant
mcl_noctkt/b@thm of belpeyyhlnpaeeglyarida moncaﬁvl ethertof allpylewraglyel, alkylene and

r%l%fk?l@géqﬁgﬂglossgm Qg 1, PE %Eﬁ%étrﬁ’«!gos&*@ io‘i'e hosgﬁn&ﬁol, 2,6-

dlmﬁﬁhw:?;l,ﬂhpmmph 0 r(éRéR) kaﬁtbhmggfi}?a S bﬂtmtr@ér i LaBihgganetriol,
I,P,?%Egﬁﬁﬁcﬁl ?—%{e’éh}/g%g,\ég)&n%ﬁée XI?%B R clgfe&an\émoll Vle3 ,5-cyclohexanetriol,
3,7.1 hibd-tetrpinethylt 1, kB hewadecanetiolhy d 2dwdokensthy esehydeopyrgug 4, 5-triol,
2,%? 4?%6%’1%@1{ PEXC %%&LQ.F%&L)I ph@ﬁ%’#gloﬁ%%ﬁml PheRY] 1,2-cyclooctanediol,
- hy roxylsop opy one’a

1,i Ghapradaogeiobnisb-(lithiny drastepedialp dpiyhy-k étdinle 1,20 or al 3-propanediol,

E r<5ralz Qlﬁalfegpf) 3%?5}}&{1:1 1%l$g,ﬁ-et a}%‘tf%i(f)‘lé:l,gl}lgﬁt?%e:dlao% 1,8-octanediol, 1,9-
o, ‘Wesagh L &iHhtrelis) 2 lofkasedibk Hh ofesnidn] . SamenyL3-
lleg%e%map,Xy,ZﬁtMﬁ%{hyfpéljlt%i-lcbe-diol, neopentylglycol, 2-ethyl-1,3-hexanediol,
2,7-dimethyl-3,5-octadiyne-2-7-diol, 2,3-butanediol, 1,4-cyclohexanedimethanol,
polyoxyethylene or polyoxypropylene glycols or triols of molecular weights from about 200
to about 10,000, polytetramethylene glycols of varying molecular weight, poly(oxyethylene-
oxybutylene) random or block copolymers, copolymers containing pendant hydroxy groups
formed by hydrolysis or partial hydrolysis of vinyl acetate copolymers, polyvinylacetal resins
containing pendant hydroxyl groups, hydroxy-functional (e.g., hydroxy-terminated)
polyesters or hydroxy-functional (e.g., hydroxy-terminated) polylactones, aliphatic
polycarbonate polyols (e.g., an aliphatic polycarbonate diol), hydroxy-functional (e.g.,
hydroxy-terminated) polyethers (e.g., polytetrahydrofuran polyols having a number average

molecular weight in the range of 150-4000 g/mol, 150-1500g/mol, or 150-750 g/mol), or a
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An exenpl ary photoinitiator includes benzoin or its

derivative such as a- nethyl benzoin; U phenyl benzoin;
wa-2edelogbdsenzoi n; a- benzyl benzoi n; benzoi n et hePeTAISLI06/002836

as benzil dinethyl ketal (available for exanple

under. the trade desjgnation "

conybanation) thereeth d\ XgRIpTY P@&ﬁ&@ﬂhermm‘? 55’?1%&13013&9& r%a 4% Blycerol,

trigethyl olpe&daﬁé or RIE& mghm&bhbu tsaeh aetsﬂs}elmm ag/atod PRARRN@r Yrbitol. In
its derivative, such as 2-h 2-met hyl -1 - pheny

paqtiqylap smhesiBetsvbg PaBRY Phpss of é‘?@a‘i‘l%‘ieé forghighpn iy itgeor more
alRe8icdBlols0 BuchDARCICLR  dhk ¥ahe-dirhéiian6), Bacr&Re 6} asthys(hydroxymethyl)
enlcal(é and 1- hydroxycyclohexyl phenyl ket one
“%ﬁWK?PéQP califor exanpl e, under the trade designation
"I RGACURE 184" from C ba Specialty Chem cal s);
2- nRtdadbid pdlfethe(r rmtthey bt €A ydllde? -if pamiionlpd) qrnlihéamy)k branched
er _the

&P@@P %?qul gﬂtalng bl g%u}lf %F)}ygmlgglbg ’ogﬁlézge 8t’|hflar>}n the presence of

p(ﬂ}&,m &,ahs IforeRret@IMEY polidol( ﬁjly@icbl @hérlyethylene glycol, polypropylene
ta one (avail abl e, for

nor p n hen
gl%%?i?&ﬂ(ogte“ﬁ‘ﬂ]a‘éﬁylef‘% Y‘% XOB%‘% B9Fdn | RGAGURE 360"
from C ba Specialty Chen1cals), or a blend
t heAedherAsuithile rpolyestéru For pheteatemiat ipﬁﬁseroﬂ thel foeledation includes a

el s S el and e e et

OF, %rﬂgxatlc polyfunctlonal carboxylic
acis€foln y}kﬂrpﬂd‘l ﬂaqnbbmbm ecidd); atdpedifivaily hil actdspanding sdtndited polyesters

U|none QAL yant hr agui o e
B Bt L Ao LT RO b A SR pqeg; oicany
sub@miz oqeiee ngimerm restiet, Sadd:ﬁﬂ iestext, icitec eismd qmthahc &aﬂet isophthalic ester,
terelgjlh,pﬁlcxessuc an es%r o?‘;’cérrrezsp%dm)gc yedr éﬂ?a 18n ep uftb’i wncE Ud‘% alcohol
cobipdindnt bmmg)edihpoéddl'dfmdnbmér}d c)r;pbbfmyhc) p(blydnlfw‘ﬂxample of those of the

co [.l y avail abl e under the trade designation
d$%%¥g§ 5é% %Jso from G ba Specialty Chemicals); a

hal onet hyl ni t robenzene such as 4- ‘
br oAofwghdrypahyesten vehrlen elighatic tphiylaktokes ; such asrer@lycaprolactone, or

g}cgrbglg Jt.p\t)l%glghfo@e él%l la?ebl Etam é dbg)( %Q’@Lcﬁl’de{sgt%}? Qf bcf?ol with

m cal nder- t esignati ons
phbl;gQ@\(EURae EX0(4a] pliasd?ﬁmuﬁiial 18 @R polytirR@ACURPiIsPBSO! A lamdg an

ave@g‘ﬁgg}gg&%%@g%go A SHid@Rh&eghot oi nitiator may include

ove nent|1 dned species, such as
a- hydroxy ketone/acryl phosphin oxi de bl end (avail abl e,
f or Fardbarpireose ph deffuendieg the aéieosile off dfivatxiconnl IPREAGWIREN 2oipular,
L R R e A o
thetyes-mayu mherne amnpm@mb@ wdahixediwithte fughe sspidbleauxfliary, particularly a

soR)ér?tor Dy AGCAG! la néhﬁleﬁtaﬁsth@r‘lﬁcypr RAYE fGodik ?1% ftl?edb&ﬁlo&nons may

ICh can initiate nerization o
copprisd, atlddye tSdlee, tofabweighhppibe, bl@@bfquswe@anmpbgre@tﬁ thart ebput 15

wt%, such as not greater than about 10 wt%, not greater than about 6 wt%, not greater than
about 4 wi%, not greater than about 2 wt%, or about 0 wt% of a hydroxy-functional
component. In one example, the binder formulations are free of substantial amounts of a
hydroxy-functional component. The absence of substantial amounts of hydroxy-functional
components may decrease the hygroscopicity of the binder formulations or articles obtained

therewith.
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Application 223587, and U. S. Patents 4,751, 102,

4,772,530 and 4,772,541, all four of which are hereby
wonoewrogsasat ed in their entirety by reference. RACT/US2006/002836

photoinitiator can be present in an anount not greater

than about 20 w % for exanp not greater than about
10 Mpogramplg ofygy tl}f%t»fYyornét a@fl@aﬁl@?tlopﬂaﬁg%% Gempou oipr making

coﬂ@éh@ﬁloﬁ 'iirddti& \ﬁlﬁﬁtaﬂ laligRhGBtidhclbdig a kﬁb@@'ﬁfavﬁ@ By Q@Edr&ﬁh atoms, a
ot oi ni ti ator resen

<C§re@mauwamé (G B0 D iRoqg e SHBng apdgeeA i Hoghol, an
ﬁﬁenélrorrmﬁﬁmin}é PlaGiag 2o G. darbih %xdiss. ZS&hVUo%)[mm%% ﬁaacted with
the total weig of the binder farnulation,

t
aligleng fride el g stthzslfnt PSS PrORMigR Ottéfyoratngfanﬁse hargef? The egption
m@n ke M¥Blif,a MBRr PRRL of Hydrdnéyt & arthiBe %ﬁt&ﬁm{g dr@ardd) compound to
unt, at Ieast about O.

alliy eneerids of for gxample 1 19t %5 %\:’/\f%d?’ﬁati (i{m‘lg/g/%lscgllyal?ag l?Iatvveight
aveRabé RORLUIM, walgl: BEEBSRE 500U abduy €0,000y aﬂmemﬁwsé brdRded, ra,f/tﬁa,ehnear
externﬁt phase. Such a thermal curative is generall

and bt a PPRORAARATE? PO BRIAL AAFPRWETat whi ch ni xi ng of
the conponents takes place. Exenplary thernal
cur Alid ax8:snal pl[aseﬂ@y(ﬁlrthﬁﬁhd‘m&le araltbpaeerny foatmaaﬁlg witlahd modifiying

the art re descri
i g o to R s 09 B CriORE, At e S e pogane.
fupdtiondlized ofzahiBiCRAROT all@l;lsubﬁi’tlﬁbd'] bytralibs, erp@kyoxy%lkylene ether,

er mal tive m e present
et e PR OR T & 8 OB SOD (Pt poplat
fillefwand pin @ertiodlarafod bilicE1RE, awhRabledsuah@uiodified insfules siloxane.
desirably in the range from about 0.025 wt % to about
wt % b on the.we

F or M1eAETIR O shomen. gR o RS mateL PEaBTorBiwelRa FiFEE. An
exampleal 8 sildaeneUisdidel a dhrepoand epreadntedhbade fomulal so i ncl ude

ot her conponents such as solvents, plasticizers,
crgssli@kers, chain transfer agents, stabilizers,

di pperspnts, curing agents, reaction nediators and
Bagpnte—fipms, i nfluencing the fluidity of the dispersion.

For exagpl e, the external phase can al so include one

or nore chain transfer agents selected fromthe group
consi sting of polyol, polyanm ne, Iinear or branched
wipddily gdch ®Ois irglepratentlp alsyissituesd od nakupaitytédititear) Brandhied or cyclic C 1-

A RS LSRR By IS o

via gastpnevhéraincB i onBL i< o fpdngmns siimyl gaalg] vinyle silddeh) etkaky, \amine,

the rtlc roxy-functi onent
erbnY, B GISRLe (Lt HEP o SV ahae arpgt st £ REphic o
hydpphijic (e.@f and})ﬂi?:l; edtienigy Sroms) arﬂnzdlewin‘;‘n iscin istegee cﬁbmohbbmtdrto about
rou nS| f toinitiators. The externa
Kﬁﬂ§§%ﬂﬁﬁ ﬂY 8Pﬁggﬂgg%gxwp e hydroxy-functiona

conmponents. Hydroxyfunctiona
In general, the functionalized siloxane is a compound having a molecular weight

ranging from about 300 to about 20,000. Such compounds are commercially available from,
for example, the General Electric Company or from Goldschmidt, Inc. A typical
functionalized siloxane is an amine functionalized siloxane wherein the functionalization is

typically terminal to the siloxane.

Exemplary organosiloxanes are sold under the name Silwet by Witco Corporation.
Such organosiloxanes typically have an average weight molecular weight of about 350 to

about 15,000, are hydrogen or C1-C4 alkyl capped and may be hydrolyzable or non-
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conmponents may be helpful in further tailoring
mechani cal properties of the binder fornulation upon
wounws/08%488 hydr oxy- f uncti onal conponent i ncl udesCmmis2i06/002836
(a hydroxyfunctional conponent conprising one hydroxy
roup). or polyol (a hydroxy-functional conpone g
hy%m%@%lg i W@l%qaréaqopf%argﬁ éncmda £ msoéq 5%5 the game of Silwet L-77, L-

7602 T- @SR AL 665, Wﬁﬁk@p&}fall@lehy §|£1&B(Mod1ﬂ£ﬂ3dlhlﬁﬁf}‘)blysﬂoxanes
conponent i ncl udes an al kanol, a nonoal kyl ether of

pol yoxyal n coI a..nonoal
al k %@gqlf%%fia ug%h SaMwifed %ﬁw&e‘gﬁ?{%ﬁ%{ﬂ@eﬂfﬂﬁ giybgzeneyyifppate,
(ABL1k) dikAndnutfaned, (CHL18)lu-Blefin hafanetd-tudto,(C8-C16) fatty acid methyl

estezF\(C%Fé‘l 6? t anet 4ol )ﬂl@g mfg_l%ogtgrP%—Lél%}’ﬁlé%l&qo&%égaﬂgtv{ﬂtho Ieach alkyl
1n&ep2n<ﬁntl[§ehfeaﬁg&i @8@16) ik, ghoup Ll ethei Dilfate, a (C8-C16) salt of carboxylic
ac?id: % 1%6%%;@% Olha&pg%e 1$;ya %}nréfo l;oui:k to ag’out )fg lczg c?n)éa o?te{alrr%lle sodium
dikthyllhexty  bulRsmcyte,- doddim3mbibyialbagaas ehiférte, or sodium bis(2-ethylhexyl)
oS8 YR bbb S OE SEYBA Dt aneai of

1, 3-cycl opent anedi ol , trans- 1, 2-cycl ooct anedi ol

1, 1G@ypiexdadbe adigdtsalt, is3,a6-coipduind - beldBtedC frame dh Obrganosiloxane, a
2-butyne-|,4-diol, 1,2- or .. - pr opanedi ol
e praioaToe at BT Sl B Sh e oy erd ether, or a
etliyleTnebbédﬁIan@démhqxidb,b&cheds;ﬁﬂmtﬂr.ol , 1,9- nonanedi ol ,
1- phenyl - 1, 2- ethanediol 1, cyclohexanedim
1, 5.decal iin hex ne-2

2 2A2 )t(ample ?ﬂn oinme{mal Q1sPer%an dmclPdes 1c otr%/al‘no Isﬁilcoqe(e g., SF1204,

SEA266,h§¥ 1328,3 SK &Oﬁ n@ecapiethyl- cyclopentasﬂoxane(pentamer)) SF1258, SF1528,

D%w 7Cc9'{11rr{Et %exfahl’l]lgsgl I?T(I)iv%/ ﬂ(gorg}élﬁg 224% y@t)l(lgsé t cll,]o%Fcam%{’lllt yc%-hexasﬂoxane

(hp»oinym),)app 1S6 pAA3 & neopilyalof a tpolydlmle‘dnbfls11®{ane;rmdexnsvll)a>xyalkylene oxide

(e. & O:S?; . arre()%ﬁhg?%g mearOSthtoo cgggrli'stl%o igﬁ)me%el 8l (Imé\ rCorning 200 (R)
fuids)g r&leepwomxsmehw Eﬁ&o&lﬂﬁbﬂﬂﬂymﬁe&lw@cdd@msorsnwobwaos or

Sifw El%g a riomc g c%u%e{;r:gan% (g gml“é}éog I){] fodP ?gai)aﬁ % gl_’y bgﬁ%erlqg Airvol

groups TS or parti hydrof
123§ Ayﬂvola&(lﬁ, adtle/ob 692) hl;dmmwl PB);yan prghisic QX)bllethBIEQ‘-‘l s Surfynol 420,

&%@H&%B H@s&%lgl%ﬁ) B4 1sg)§§é£ %ﬂ{oeups hydr oxy- f unct i onal

ydro termna yesters or
hydr oxy-functional (e.g., hydroxy-term nated) -
pol shethercresplan dopinetdiad dispbryaaidsbres 8F13GB yisors (e Sgicones); an

or ?é;ldl;%ﬂ{%? life ERI X&Qﬁ@%ﬂﬁgxfol Qh(f 'aﬁc% %&?3951%3 (dRCA PRBhcts Ino);

erm rat
Slb’oﬂlt %Eﬁﬁ,a&wm éﬂﬁoar&b@k jte’l@%h%dwqtl &~ "é606|,u$rbfeqt La?ﬁ@&agesllwet L-

76?2 O;&gogrgg&é f)lgl?(;n 101[{1\% 6%§Eﬁp?ﬁhoa) "lgrgc% g(ggﬁb Iﬁ/ﬁ%?bow Chemicals),
Igerak CEB630 @rome Rberdid)aPyP pseltlgscﬂfromu}&f’h&chmi@gwﬁd @sd Solsperse 41000

ﬁ%&bﬁﬂ@%:c pol yol , such as glycerol,

trinmet blolpropane, or al so sugar al cohol, such as
erythritol, xylitol, mannitol or sorbitol. In

par Thecamaant of fisoersangrnges frome0 wite & hat”op Mepsetypicaltys ghe amount of

deJeﬁQxﬁ f)%géﬁl @ 'W@%‘ ah&'glng?ST 1R arfe afEDtglﬁcally used in concentrations

from 40 mol% to 200 mol% and, particularly, 60 mol% to 150 mol% relative to the molecular
quantity surface active sites on the surface of the nano-sized particulate filler. Generally, the
binder formulation includes not greater than about 5 wi% dispersant, such as about 0.1 wt% to

about 5.0wt% dispersant, based on the total weight of the binder formulation.
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alicyclic polyols, such as 1, 4-cycl ohexane-di net hanol ,

sucrose, or 4, 8-bis(hydroxynethyl)
wonrbwysbasg§ 5, 2, | , 0) decane. A suitabl e pol yet her PEoUSR(6/002836

external phase includes, in particular, |linear or

branched pol ygl ycol ether obhtainable by ring-opening

pol Y Prgslarsmbadimeytcihp Elné?rﬁ@ﬁm%wfl HslidpseabapiclQ). vy to about 90

w@@Lc&iﬁ&nicaﬂ Opolyrhdiaifié WopBIHd] QIOE Grdde) ViBhn aBOLYH) W&® radically
t

er, polyethylene glycaol, polypropylene glycol or
PSP SoRRH-en by S o1 650'%8 STttt B based on the
toANAERBY ofShé bABdrSoR@laies.t &fis Ufderdidtd (BA RS Al oA SR oGS of the
| ation inclydes st er based on polyols

e GOSN LICLeS B Rolgs el baoed, 00 RIS o

copPbiydntied spetifibd, BRI BRYME bLothet icOlfipdnbftE cE¥BPaNIQo that the sum of the
di carboxylic acids), or specifically all correspondi ng

m@%?ﬁﬂ%?%ﬁ”ﬁ%T@@é“@ﬁg%Mhich are liquid at tenperatures

of 180C to 3000C, typically 180C to 1500C. typically

S UCThm&atiﬁﬁﬁdllgfpol}@ieﬂE@né @n@&?}lﬁlh folr&ﬂilrﬂfblé?, iBQud®E an @%dxgiflﬁr_lctional

est er t i c.ester, isopht ic ester, terephthalic
cof PRt oF 3 OB Rl Al G RN PGt B AT dymsiaton may
ingludechbotits,0 wi% o dboet @l wiwhadtiosicany iRblEpnpo i) S&ll 28 fabout
mwo)wmric I ri fﬂﬂs q?zmi&% Ilﬁﬁo thoieaou
2 PR el S o el REBASTRble PREH Fapes bp WO of the
bihdee farnielatiad. | THeakénplag bindadb@ngatios uak ittude not greater than about 20
Y B S S AL BRI e ap i
alonihdln eﬂibk’mﬁ'@eplﬂyolﬁopolj?elQErpe)be fon gdolyeth@m@lyol. | Thet YRenGAdry t inder

use pol ycar bonat e of hi sphenol A having. a average .
rogainy MG b ot PR EBTBN 8P4 00 B AL RS fa dhout 50 wi
of puoppsenohavidgf d prdyettien Gackbane vdusie aspdlytettdimettyenedidle glatlylethers

phase an in.particular, viscosity reductio r .
of PR A e B i ofF pefsBGRlens oL & i pedmettytenedio
copalnjtesine br morepotarb@atetghmpeof may, where appropri ate,

be adm xed with a further suitable auxiliary,

par icular' sol vent, a asticizer, a diluent or .

et Bl pSrS@inlft el BEle GHER nfpl o Wit ctuces
cogpnmmissaying enabi weret oethdvglateadrapsyiclyhs cafponbres bavingbeat least 3

formil.ation ot greater t&f .apout 15.w % . such. as
Bl e Aol B0 R:Rht. Bt it R B o
ab6utVi09%4t%h ebchgrs @at gratértibam abb@ 0 wit%4)neh greaddr thpmedber1 Otwihor not

% r Wt % of hydr oxy-functi ona
gr%ge%ﬁ é‘ﬁ%% {?‘Nrtl%orﬁcgpagligﬂlgﬁngr,lza%%é’o%?or%g’r formul ations are
free of substantial anpbunts of a hydroxy-functiona

conplon dermulatibe redys &nther afclwigbudtagreater thanoahots 26f wt%  cationic
phg%ﬂﬁt%éﬁ gd&ﬂ Gk iaf)’&ﬁlo.l wi% to about 20 wt%, or not greater than about 20 wt%
radical photoinitiator, such as about 0.1 wt% to about 20 wt%. For example, the binder
formulation may include not greater than about 10 wt%, such as not greater than about 5 wt%
cationic photoinitiator. In another example, the binder formulation may include not greater

than about 10 wt%, such as not greater than about 5 wt% free radical photoinitiator.

The particular filler includes dispersed submicron particulates. Generally, the binder
formulation includes 5 wt% to 80 wt%, such as 5 wt% to 60 wt%, such as 5 wit% to 50 wt%
or 20 wt% to 45 wt% submicron particulate filler, Particular embodiments include at least
about 5 wt% particulate filler, such as at least about 10 wt% or at least about 20 wt%. In a

particular embodiment, the particulate filler is solution formed silica particulate and may be
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conmponents nmay decrease the hygroscopicity of the
bi nder fornul ations or articles obtained therew th. An
wexenspisssss®f a hydroxy or an ami ne functional oPQamiSg006/002836
conmpound for maki ng condensati on product with an
I e oxide includes a polyol having 3 to 20 carbon
COQPQ@ g‘épf(r@é B1BPOREPE §OBROPENY c“iheoe})ema? Ré1dera fArgalgtion may

fuhhdf&ndhﬂl%tnyt @edté tehhsnals vamw di&p&nsalﬂ shia 45Y0. B BPY wiod Bispersant,
henol or a diam.ne_having 2.to 5 carbon atons
Se% K 53’ arngdoxape fpuctipnalise rsﬂmsali%we AlYlpsubgfisuteds gyrplidone,

oﬁlﬁ)x?dlk'yyérﬁ Rehe) hdl@hylEHe6:aYd 9618 1nshEkR1eDlocRSF RS,
thereof. The reaction may take place in a nolar ratlo

o R R G S

nmm@nsatdpm @1 polad pI%Wio@ dlel, ¥ phcsirsar WelugiRg sebhaEda Particulate

t 500 to out 10, 00
il G55 RS 5 bindter ARlien Do B ot B0 Hgp gD v
naaoabﬁmoélyer@bX}Oﬁndamh}ermmHy agylic gbareXtREmad nghreder B 50 witv%
rt er Iud a dispersant for.interactin Mﬁth and
a°%‘8| ?"’C‘ffr“‘?{g OPFRRE BPACRUIROSHS Fo5He I sP] it be gpd with
epexsanpl e, a dlspersant may i ncl ude organosi | oxane,
functionalized organisiloxane al kyl - substituted

pyr+0l i d , o o) ene ether, ethyl eneoxide
pr 0%131/ & hneox |fo e 0%180| %ll% 1305 G #?E?SF ofPRRNSIRg oPOlIRggie or
memmene sommnénts:aﬂdammcﬁng dlgaEJSed‘:miﬁ;culafb IR tiag bé Wed td fofm a make
ifi.er jnc

co§tjr %1 5i%& coa{ a Xnm%hant csog 5 0 bback oxa a co t:%g porasice article. Ingn exemplary
préqsmscfor dmraimgzemahe cm,nthé lbmden bnmhlatztmdls ghitekama. baé\lting, abrasive

Io ane.in ude pr
oS PIRatE) ol e ERG L RSR Rl RRHE oA aRERy RV b i
ovsmthstmakl@t ®dt amd allvrss:mgnammt EIﬁi alnbﬂiaaéx,emlpfa@n etbeliMént, the binder
sub t ed or

al.k
foﬁlyug% off i 1s e{xdeg w1th %h? %{)l’am ) §ra1ns ox%)g]swyl urle();gzﬁ d%f:md ona

badnng/anqudurqqlr oupemam@ly,ehm alBhsn@rshB@ is applieli ol b od), suchi dsaiMjgcted
A n al kox n1ne epoxy, hydroxy,
mt? %#ﬁ(} Er Cﬂrgitoels nhngpg%defigb%srw%o STzt phobi ¢ groups such
as |Ip0phI|IC or hydrophlllc (e.g., anionic, cationic)
gr olhygsabragivel guafne meiy be formsd afariyrrine géor # caprhirmbion bf abrasiye grains,
g@ﬁgg 0 Qut
i er%%lg%il ngll}]lga(;'f%Sﬁ% ;’leg{]ﬂgi?rﬁ(ﬁz)é%m(ﬁﬂ? d)lj}all‘r(]lénlg&u% na_ oxi esh 81110011
cathilei gagned, diamicad.dubic baesingittide; sitighmgtrideaaria bwiuHBmGX1ﬂ@ titanium
t C 0 d
dllﬁ)k?igy bog(f)x &?tgc(l)em‘ﬁﬁ f%}&eiﬁgg‘p&qﬁ cscirb"i‘ tlég . aa[%@% tn ox1de chromia,
ﬂl@mﬁy For efampia, Gl arbmsivmgdmr;s ﬂlEIYCbe lectepifioal a group con81st1ng of
sﬂfcb‘ naﬁht‘nﬁ’n@ a\%\%&)ﬁﬁ §fhl:<%fé @{l@ldé Ssifldn %{Rrﬂg Bo%&? Htplcﬁ]eél gla%n%g diamond,

| oxane” wherein t unctional 1 zat’
cofused alumina zirconia, ceria, titanium diboride, boron carblde flint, emery, alumina

nitride, and a blend thereof. Particular embodiments have been created by use of dense

abrasive grains comprised principally of alpha-alumina.

The abrasive grain may also have a particular shape. An example of such a shape
includes a rod, a triangle, a pyramid, a cone, a solid sphere, a hollow sphere or the like.

Alternatively, the abrasive grain may be randomly shaped.

The abrasive grains generally have an average grain size not greater than 2000

microns, such as not greater than about 1500 microns. In another example, the abrasive grain
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typically termnal to the siloxane. Exenplary
or ganosi | oxanes are sold under the nane Silwet by
wo20ms€ess por at i on. Such organosi | oxanes typi caCTsSkmee02836
an average wei ght nol ecul ar wei ght of about 350 to
.about 15,000, are hgdro gen or Cl1-C4 al kﬁ’ pped and
S‘?Pa‘? nﬁtegrmﬂ&nnﬁ%ﬂé GHCTRRN F’RFH % A AR aFﬁBP‘EéISO microns. For

ex@ RIS hibrast &in |sﬁ8 Hd?l %e h110520.3 @lictork) 6@ ot BBMNBB® 09 microns
wet |- 77, - 7604 and L- 76 5, which are

tOﬁBP%P%M@So%ddéorﬁaaﬁlqawé &orti 2Pl 1 ﬁ‘&ﬂr%ﬂP 8 680 mjggons or
fréns abgut € nﬁéro@toséﬂoﬁtalkﬂ)b @nidddhH NTHe g@d11$ pied 5ME abrBG USRS is typically

éC? ClG% %Ilﬂ benéene sul f% (C8- C16) al kane

sPEeifitdhPabee the (Temeegt Epension of 15 Fird A3, Ggarlf dhere is a range

di§tEiBution 6 grﬁiﬂtsizys an b(ﬂné@.&tﬁh&ks ﬁﬁtg%in sitddstiBfion isgighMy controlled.
al cohol sul fate, nono- - al kyl sul fosucci nat e

wi t end ntI eing a.(C8-Cl6).

gro dﬁ@ FK%%IFFeg 1nlegglgg tlé a%@gw%ﬂgljnsggfl l% eotflndaer formulat1on
the allsrbm)oeygralﬁs povide GbmiabeitlozataBoud a0%NGiIch af ﬂbﬁl)gb&hao% t0fhbout

18 car bons, for exanple, sodium

So‘y)é)%l&‘y @%ﬁ %elﬁtbfaég’ﬁél‘,‘frﬁat e, sodi um nethyl benzene

sul fonate, or sodi um bi s(2-ethyl hexyl) sul fosuccinate

(f OTheexla'aSm'ee slude rm@ofurm leuA@'E) grm'Bmgi gidl to inb@ase the grinding

I.S per s te a .
oG R BE i L v BB R P D opraih R SH s s e s, for
exainisﬁy!J sczdmims teiytoliteg dncpypbfamshund Oﬂﬁﬂuc&ol}ﬂﬁhty,omy adghiyit ebaged, such as a
a et h enenoxi d

o | ock :
chzo(glblo (%/ W%)% for&;](alg XI ? elggrb(%m%?a&w aling%(g?gxgﬁrllcludes cryolite
amdrpotasmims teaaftwéhocata)wgmpmmie kiz€ engie figm, 1 Mkct@D, 80 microns, and

25 F132 8
mC(sa é’g 6{.}‘1% % % Cy & IO%S tgﬁ!? gwslch%sx éfrll% (Nﬁgm %errr%eps (3f grlggxfg %lg is generally
noSEfb &28 1aIDjwth@rwt%1 §P°H 45frbiuabds 0 wWivto G0 o) nd 246t typically from

d d h yglo h X2 ane (hexi ner) and
abglf-I f% 4w 9@@% o{h Xnme flrr%(“bcilf th%%iﬂwvf ne and a
polyoxyalkylene OXIde (e.q. SF 1488 and SF1288);
| i n@=re cgieliigoran eloagive aticlg tige igenmees(aly gets td:mmr@abmilmgrams

onfo?a?%a%@gg #ﬁ%ﬁ@%&%ﬁ&&gﬁ g\é}%gﬁl_gtg V\éetTh% p7 Q{))r(r)riaPé ofv\?e binder

mdy- RERRrmiachnfooning abuasivaatielet tssir(gs'agat;ona'pn bmderXeﬂnﬁIIatlons with

%&I r%grg :abrg%@%%ia. inlvg B%ﬁ&gag%(a} é Ylgerbé%%? %xh’% its an ikﬁ%eréc‘)rmance not

gréager ghan Sonf Aol WRENINGLbY ylmoRz PatoramceSiest mibed®apw in the

e huSOLReE~For 4080 ARFL MR R R Sl g
abglﬁ@a?ﬁ; suclpz npegieger thankabo®@ 2k S ormof gré@@ thaBabdurhdl 440, and
Surfynol 465 (fromAir Products Inc); Silwet L-7200,
Si |t bdrde?ﬁ%?’ alsd l:)%@otlt A"S?o@fg%{em%k/zglvﬁiifohﬁ%gg =h le§§t| W5l 0.7 gas
| wet L-

L- 7608
determined by the Stock Removal Performance test described below in the Examples section.

For example, the Stock Removal Performance may be at least about 0.9 g, such as at least

about 1.0 g or at least about 1.1 g.

In a further example, the binder, after curing, exhibits a Young’s modulus of at least
about 500 MPa, such as at least about 750 MPa. For example, the binder may exhibit a
Young’s modulus of at least about 3100 MPa (450 ksi), at least about 4067 MPa (590 ksi), at
least about 5615 MPa (815 ksi), at least about 5684 MPa (825 ksi), or at least about 6132 MPa
(890 ksi). The binder, after curing, may exhibit an elongation at break of at least about 1.0%.
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7622 (from Wtco) or non-ionic surfactant such as

Triton X-100 (from Dow Chemicals), Igepal CO 630 (from
wehowioaless PVP series (from | SP Technol ogi es) aRdT/US2006/002836

Sol sperse 41000 (from Aveci a). The anount of

di spersant ranges fromO w%to 5 w%_ More éﬁ ically,
Foriexanpley {ha bingder giag s@v@hﬂ?naagorb@tb%‘é% AL ¢ leastgboytaly (e, at jgastpabout

2.3%€ af ich@NBSut A % ! ytplle&:sa labotut WSKBA! ok rat fe@ﬁ C4BBitT Al dopN S fdf gémlcular
40 nol % to 200 nol % and, particul ar 60 nol % to

exagply, the Pdeneay e¥hibRdofhnt Beunssmegy 10?( ftyleast phoyic4063 MEasad an

eléngdaBén é}rbrédll%fsﬁl 'lJa@tC&o@tf 9.0%€ Manehs! &BsplRatht itidieAk8y exhibit a
flller , the binder formulation includes not

Vi B0l 28 raiiabin10) SR sH G FlonEisat it Bal gt logst Ebout
1 ME%0 1r0a ﬁh@éﬂexén;ﬂa\ﬁt% lﬂh&p@;ﬂﬁ&@&yﬁﬂg&@ﬂm@mué Aiﬁfeagt%é&t 5615 MPa

q{ |nder f ornmul ati on, particul ar
ondiop nsrEitn & s ab et abonk (Pt The PigHes Fis s HBGUhergshibit

teﬁﬂil‘%/osiréhgﬂﬂﬁ’lﬁ 1638 2Bb1B020 AP D BBtk lay 12D bR B BRI £ at least about 40
1V-[%onpound not greater t han about 40 wt % radically

&l ymeri zabl e compound, and about 5 w % to about 80
wt % particulate filler, based on the total weight of

t heFIQ} ndilastfaes rahlleaémlﬂﬁy ehibodifhebtistes sdaRk@ hvtabiRt a&fa& ﬁmmwhlch
§ QS anount s %f t he b|n er formulation co
inclids 3P0 B MR A0G SErUresslo & ReRKinGy R FFRRRH oo 2o Fgergpaly, the
abiaive gmmoa anrt secmcetospesacfcmgdoz bhe makeedat 300 TIRUR&E coat 104

i GO BB e uEh SRR G ok rbe WA ey

pol yneri zabl e conpound, for exanple, includes an
epoXye doatad bbraxing] artixdeTiONR4yt fuslier tnchide b siae cdat DY dveflFihg the make

TR e AT 5205 R D s e

th@aiirgmt&fgreﬂﬂ;bll 06 t€ fhﬁ'ﬂ)@cﬂ:ﬁl@, 108 4ad mays al&b@tﬂ/lda Qrindi % dids. AMeYize coat
|on based on

BT 65 IR R SRR 35 it

ﬁ@mﬂdemhémmthmiﬁﬁmunamllnclude not greater than about
20 wt % such as about 5 mﬁ@bto about 20 mﬁ@bnnno or

poI t an_.al

"Ylheg{othél %%%szgel 1@6 maall Eso pélPrbaé 8?111%6 aa%agg y%%tljlé% pgl?e)P&Fk coat
1 1I|ﬁg109mer¢phram ~Sbritia dkmer bmwcnmhghbrmm@ms finerh adteringto the back side
of g([n)g %%c?(&u&t g?o/an%?&gvegg i gmaer% tfro accgn%ulgtlrkgof;%eﬁ%}%ntg os::mding. In
anpthekdxenple, the btckasatpijZyﬂaeTpmmm aditenddiralgth to the backing 102 and
m%) ’%6? d ro%!:thtﬁ{] §? égﬁg?ﬁo% gn%%?ﬁr?é’ ta?nﬁgcisﬁr{% éﬁ éiac%/ !6 T examﬁe the
badomatal 13icag al@m@‘c ey a mmpélamddwc aThcmmphang tagerpBay abhwe relieve stress
bef 2k fnlako 891 YITERA ERBLAaRORAOUNG Of the above exanple,

The backing 102 may be flexible or rigid. The backing 102 may be made of any
number of various materials including those conventionally used as backings in the
manufacture of coated abrasives. An exemplary flexible backing includes a polymeric film
(including primed films), such as a polyolefin film (e.g., polypropylene including biaxially
oriented polypropylene), a polyester film (e.g., polyethylene terephthalate), a polyamide film,
a cellulose ester film, a metal foil, a mesh, a foam (e.g., natural sponge material or
polyurethane foam), a cloth (e.g., cloth made from fibers or yams comprising polyester,
nylon, silk, cotton, poly-cotton or rayon), a paper, a vulcanized paper, a vulcanized rubber, a

vulcanized fiber, a nonwoven material, or combinations thereof, or treated versions thereof.
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conponents having one or nore nethacyl ate groups, such
as conponents having at |east 3 nethacryl ate groups.
woOnowrssdser exanpl e, the binder formulation i neCoass006/002836
not greater than about 30 wt% such as not greater
t han about 20 wt % not greater than about 10 wt % or
A gloth backing ey R ayevebeyutitah bandady dr partipular exyTRIpe theapiing 102 is

sefecRiR PR 5 CE&ESHH% 3f bé{fér R Y rlel b, e&loth NgditeflepdMLotton, rayon,

reater than about % cat’i oni c OtOI nitiator,

180> 29 lymdan V@lcim%ﬁd%ubbﬁraweamz@ th%meéqi fa tang rde geradtination

th&@@fn RbaEr 28 %tﬁeagdcﬁﬁ% 10D @lcRidad bbIghepylensUsh &Spolyethylene
about 0.1 wt%to about 20 wt % For exanple, the binder

te‘feBIPth‘i.]?tafPFJﬁﬁ%y i ncl ude not greater than about 10 wt %
such as not greater than about 5 wt % cationic

photrd Bdckingti0p ma&ébt@ﬁéltyhlﬁiﬁ/e eXRaRloge of E]@atbﬂaﬂtd @Ipresize layer or a
form.i ation rraylncuenot reater th a about 10 wt %

kndas layer-n bbe RyrRest et thessdmyers BPicaliooies!thebackine 1G4 or to protect

yaﬂh@tt filef ih @t Makkingl T02. hE bedkinr10Riid 4 @f)thlnlﬂﬁériég @Bleast one of these

di sger sed subm %r on partjcul at es Generia ly, the .

laysr g dyPiqady Hirdatlie Addinen fdResPrasitit et or BRsksitoky s irap additienally

reyulto/ﬁlt@"ﬁ@oﬂ&n%suﬁé&rbna&th@r e %odn® oPthe\Wadk Sifle 36 that B4ukiRg. 4 Dther
%qubm cron,  particul ate filler. Part| cul ar

FRS APV iR the Aemay alpodedised S gy @ 18 1yesst5aFor pxamnle S Pat.

N<f> i51700/302 @isetreP& aB), the @RSbsRdSUThidkls Welfperated by k@drce).
about 20 W% In a particul ar enbodi ment, ?’1

parlcul te filler is.s rmed sili ..
R e @ﬂrbﬂ?ﬁeﬂwgw&%&% {hg addition of an
an}tiﬁtbtyd’liﬁﬂteﬁal momeﬁbb theltegdeadsesithatastciiabeive fr6iclowd adc@blate static
further include not eater t
el%?%%téwgﬁfandlgé &igod gr 8OT o}ni}t%lag %%aat %glgt'aﬁsaﬁgardmg antistatic
baSleih@Cirﬁdbafzklﬁmt@ﬁ@aﬁ’t@S:hﬂ oxanmd ih,URE lekamijad, i 18.8dPat. Nos. 5,108,463
or.ganos;j | k subst | roli done,
BB bk o Te r T ob b R uEtng; and 5.560.75
(Buclopy @ aey) o ddcodir 80K whizh @feymrpordtem IRreelsyt defordnag.
errbodi ment, the binder fornmulation is fornmed by m xing

o oHtE ERIRENDR PP L BineR SEtopsT RGP oo o aesphe. for
exexplapind].S tHae Nu. 6deT,7260(Smut edtal. er amyndlese bpidelessdiclt, as described,
fo rer?a}arrttp r@g 95%0&41‘0 %%7% 9 erﬁg 18tnpc %b)'t t%e ech sci< r%{] %f mﬁgc(lj are

& cry1 ¢ precur s’or
mwlrl%raed’ ldreia bp refeten@o rledWlsea lﬂmt Hmelnng X@?mnh;e be a polymerlc substrate
nanoc osite acr ecur sor
ARG B ke bl MR b AP et oL g U P
N@fﬁa‘iﬂé 74@ (Qireslsy gigal Pothy disclogureof whinio memwrparﬂexs hd:réluéjytrsference

S I's r t i cul Se
Sl{“ a%r i aadkn%%?é %gvteb %059 arig §ugh. asgh Eg"‘“’ieb 2?0}! S%ag%p © &t fus.
Paf Nva 66 50 (Fdfettat d)ahedisddmumsif whichrig 1ncdrpnratbd1h®dsln by reference.
exenpl ary

In another example, a pressure-sensitive adhesive is incorporated onto the back side of
the coated abrasive article such that the resulting coated abrasive article can be secured to a
pad. An exemplary pressure-sensitive adhesive includes latex crepe, rosin, acrylic polymer or
copolymer including polyacrylate ester (e.g., poly(butyl acrylate)), vinyl ether (e.g.,
poly(vinyl n-butyl ether)), alkyd adhesive, rubber adhesive (e.g., natural rubber, synthetic

rubber, and chlorinated rubber), or a mixture thereof.
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process for formng a nake coat, the binder

formul ation is coated on a backi ng, abrasive grains
waneaecappiss ed over the make coat, and the nake eOAUS2®6/002836

cured. A size coat may be applied over the nmake coat

and abrasive grains. |n another exenplary enb_g

t heAbp¥raary g hagking mejudesypeiplaae- Geramis Hlateaf he i r%% Another

ex%ﬁle%% al Qitdys rrglahfaaéﬁg/s FekdHbEY, ftnhszanipﬁe OBt L PaDNA 5,417,726
backi ng and cured. ternatlvelﬁ the abrasive slurry
?I’

(Sfogt e plok the diselgsuse ofprhich is pegrperated Asrein P¥RlFTRESS: a nol d and
cursd to forma bonded abrasive article. The abrasive
gr atfigedn@yashe htMIdIEShcRfas #itycoaRe abifasiOd aiclOrODi SfFIGON, Mby be

abrasive grain ilica, al n1na fus
Eored 8 BN 5 PSR & Pag P QR bRy s LGy the
ba6ldhdin be cﬁ)@feﬂ &fith a@brﬂﬂwﬁﬂcoaﬂdﬂbh&k doar i f doﬁﬁrfgezvnlﬁthé inglecoat.
titani um, di

nitri ria, itaniu
Tishlbh sPBIOIEioB I (i PkinEdp BB ARG AP one
enﬂ:@ﬂlhieﬂte thelabﬁﬁv@grhﬂeare apyliediwath tHel biirdes fogfiElition, Wherein the abrasive

exanp the a S|ve ns sel ected.from
oAl B GH DB PAELIon 1 TP G4 FEbpicr « Phstgien t
th€ wctaing eAltsm?twé@gthe :btnﬂbrCfBrmdDzﬁ!foﬁ fis dppliddi 16l €he t@altiiieto, form the make
a cof used al um pa zirconia, cer tit
cofh BORPCIbreor B AP BPRIBE 4 FEriEare St §ich & el Slecostatic and
prBithdticafeth@Rd The WirBA dAEERE] is cBRE tshchutsathrodplb d@dima mahods or
have been, crsated by use of dense abrasive grains
exEIMFP RBIGPIA pal 1y of al pha-al umina. The abrasive
grain may al so have a particul ar shape. An exanple of
Suchptionaing ﬁ&:lﬂeﬁ:@hﬂjd @ppliad b0d, thamhltd @aghmel, absasiyy rm”ﬂ'lsd The size
cone, ol | ow sphere or the.
cof 0 byt 7ict B g B ot GRb R Rtk <68 14 Sigg 1 being cured
snﬁiﬂ&lﬁﬁiﬂlslyTIAQteﬁlbﬂi\&BA the ngikatsus isgared Ipﬂbﬂ ty apslicetiarof ahﬁeilmqeat and
mILal n Si ze %ﬁ ater than 2000 m crons, such as not
%?% A108S P “ﬁﬂ 1500 microns. In another exanple
the abrasive grainsize is not greater than about 750
N CcTignisndes fenulagomidtmige tetneke tértrthadizudoat3 B coinpliamh sQat or the
baglg) rcLoa mga?gﬁcgudegcag%rgqr er/ Forrg%latlc{1 Sh%;ecoﬁgr\é%lﬁbgncgr fclrgrﬁﬁ%wn may
indlb@0subrnticion part@nldtenfilleg stuylp AT aeinloysubd pantigatetfill@r having a narrow

parrtng?e %1zei 6116t91b I?o%UtInZap Q r[n cuciz{roer}nsoogfmen{ (%l?n ?tﬁfawabgnngércfo%l&t%n is

cugadao fizmithe srgepuomallh yncglpae embmcmdeltt,dhebeallbwel Yindeg ésulation is cured
orm tﬂg’ Igr% ? Ja%t Fﬁerﬁ‘z&ﬁl?@' tﬁg c&fo?dapbm&:é@ @(?rhr%lawn mtag BL gurleé toaform
Ordnge” dist v
the brmogalaomplwlzepadcprstheroﬁu:mall bau:klcsatt [ ght I y cont roll ed I n
a bl ended abrasive slurry including the abrasive

gr aj,! @aﬁsgﬂdr e&% 1&1; 65‘% QL téb?egal(% g;lsnsaﬁwsg gﬁ&ﬁéu #3Storm

provi rom a t o about SucC
strattongs. ff@P/cf:Xampidg(bhﬁt make coat may be patterned to form surface structures that

enhance abrasive article performance. Patterns may be pressed or rolled into the coats using,

for example, a rotogravure apparatus to form a structured or engineered abrasive article.

An exemplary embodiment of an engineered or structured abrasive is illustrated in
FIG. 2. Structured abrasives are coated abrasives including shaped structures disposed on a
backing. Exemplary structured abrasives are disclosed in US Patent 6,293,980, which is
hereby incorporated by reference in its entirety. The structured abrasive includes a backing

202 and a layer 204 including abrasive grains. The backing 202 may be formed of the
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80% of the weight of the abrasive slurry. The

abrasive slurry may further include a grinding aid to
wonere@asmst he grinding efficiency and cut rat ePCHAUS2006/002836

useful grinding aid can be inorganic based, such as a

hal i de salt, for exanp diumcryaolite, and :
ol gerouhid eI ROGo AL T DB PG & DAl G ber204 s

paiferfidd| 9 havaahi@ste WRNomréso6 exanpl e, pol yvinyl chloride. A
particul ar enmbodi ment includes cryolite and potaSS|um

tetrafluorobora with particle size ra
i CPSteD X B0mY b GHES S8 b S B 1 PGS et 204 may
indlide raOmSket &aﬁ&d%pﬁbﬂ&ll&j a slRtecowei THet lape 208 rgbne@eﬂlygﬁctlﬁﬂib ra@raswe

aid i s generally not ea t hap about 50 wt9
s o0l 3 o Ul ORIy 8’6‘%%{"6)@“’[ e brye FYH %fgﬁe e?‘ﬁ%}ﬁh the
b1rﬂ9@fd)§mﬂl@tldhtt9(0fblﬂ1 Bfdasivle oy . tAherreﬂtzdly, @heSAbasivg g(rammdru dppigd to

asi ve ralns i Qt o rasi v
theabnecfe& rﬂréer Hherhinddy ﬁ&e%tgdg%%?@? e ? 2@%- Optgndle ?@C%%?Q%WSY may
be @pplict Sva Aliedayer DAL ipRFer hel 15}&392@1 Bl §tRRidg $d thel pattermngdidoling.
bonded structure. The performance of the binder nmay be

3:?&5? %ﬁg Og% Bﬁcl)aﬁfran (g?aqfoa f a?zlg;/ci%gﬁr 'ctl)(lﬁe # c%ﬁjon# ggglger wherein the

foradulAidh \igat G aired tol formd thbalmhdee td abol&%@lﬂ'pthsﬁenstdnendjuchn@partlculate
exhibits.a r . not. greater th

FIEE (TR R ) ORISR PTG R Ea Pt R it sub-

mibeh @uvticulatt fitertExanpl es sectlon. For exanple, the Rz
Perfornance of the bi nder nay be not greater than

gr ggle s?ruftﬁrgﬁ azE)l1 asiv axilclthOQ; olp{l%flangrhc%gl%érg&ég:ﬁ grlgd ?a%}( coats

(n@tsbokn) REhase abatd:ieatyf fonatian asadeactrlbled: alsive.about 0.7 gas
det erm ned by the St ock Renoval Perfornance t est

de Sg" | %(&le p %)lca?n 1& al Et?i@dép lfgfﬁluﬁ?g b'éo\fseciE }fﬁgﬁltmebonded

t he orimance nm Ieast
abfisi9e gytickasc hlchsasahe Iaetast/e attiolet 30D. (ﬂugratﬂd ntFiGedst Imlparatticular

em]bo% rr%n‘[t 0511101 fl %[nﬁ&ei{)rﬂggﬁgg agd xgsqve{)%‘g hare tﬁérfd@% 60%6?1111 N¥rasive

oun abou
sheuyc rThasbla:tlvd .élasst is apigd to76@o]|tjllaad tlE@pll(ed@ ﬂmﬂdgr fornpdation i is cured.

hg 8&1&&"&{%\%}(%& t*sx’lczﬁ %{ﬁ@ﬂ 3§0 c%&eyﬁl lf)ra%e f_!;r g§‘%oua %’Bano-

east ’about 4 7 MPa ,
cmamo$@asﬁmab@@bME6ﬂﬁp@Pa (815 ksi), at |east about 5684
MPa (825 ksi), or at |east about 6132 MPa (890 ksi).

Theyj pga ?crular ?&B&ﬁm 1 th O ByrasiYarofd s %ﬁne@ By %lle‘ﬁﬁﬁgtlihﬁaoxﬁf)osﬁe

br eak ast a jout 1. 0% For exanpl e; I nder
prmssoewhthbqther @blymgre preevrsers dud sanstipentat Hog EeAmPplh 8 gignocomposite

epfl}teyzl Pemﬂ or n%agﬁ @?oUglzgd ﬁae iculte FiB@Sid %B&%}/t précu@s&s Rlmixed with

r at ast about
acyyie uore@unsens te et sanoedwepopitenbiader rf@rylu@klnm buTbe Bmdﬁf fgrmulation is

apEﬁ?édV{Q 2 SutTREY! dish &fa REKhEASD 2300 ARIER HERs 40 dis8Bpplied to the

substrate and the binder formulation is cured.

When the nanocomposite binder forms a make coat for a coated abrasive article, the
nanocomposite binder formulation may be applied to a backing and abrasive grains applied
over the formulation. Alternatively, the binder formulation may be applied over the abrasive
grains to form a size coat. In another example, the binder formulation and the abrasive grains
may be blended and applied simultaneously to form a make coat over a substrate or to fill a
mold. Generally, the binder formulation may be cured using thermal energy or actinic

radiation, such as ultraviolet radiation.
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el ongation at break of at |east about 9.0% In another
exanpl e, the binder may exhibit a Young's nodul us of
watode@asass about 3100 MPa and an el ongati on at BCeAis2@5/002836
at | east about 11.2% In a further exanple, the binder
exhi bits a Young's nodul us at | east about 5615 MPa and

an Bhbstirmertosf the atsyedaecried bdet fommpiaiion iy, abpgive articles, and

m&hQE &by fcf'i"ﬁﬁr%r saﬁllé Fdrd) ?artlémé/rlyf hvhiy eo§§( hipbi Exaﬂflplee ABiabife articles
stren east about such as at ast

formsd o %g@er,@r@u@tlo&:{ depaibed abgB%@@y gg@ulm:lgw apragiye g:raln oss, leading to
1mlpHvH§ §1ﬁﬁE@e§uaﬁ@' @&eémlnﬁl%ywmg hifBiNe RLind skcBab Btasive grains not

abrasive article whi ch i ncl udes abrasi ve grai ns
graaty than 0P anicrews, e Ee}@?ék?ﬂﬁlgalaual% pplsnses pchglessy fiish on metal works

beddl YIn atdﬁ‘ﬁoﬁ%ﬁéh ¥Rb&TiRLMS 1rﬂ1_%§vea£lﬁas§%%tﬁ&éjhfeolehéﬁﬁg to a
a make coat 104 he nmake coat 104

reqhwspwglse @S&ﬂfﬁa& and\pRlishing stept ) s FeAupipg Rroduch posks-
cured binder fornulation. The coated abrasive article

ExXAQrpey further include a size coat 108 overlying the
make coat 104 and the abrasive grains 106. The size

coat. 108 neral |y functiqns to further cure th .

o b bR RS R T & SURE MDA sy Sapdardized
abws%ia&&legédnﬂg‘urﬁlgmal Hﬁa parfieulsitef thoBindekABrmutatigr ietisal lay a size

fornmed froma cur nder &grﬁglat|on t hat

be the
coaDne HEOHe HRS BHEhiaks G eVecBies 7 dhitron st Heated
sefn@-fr!i&bleai‘hllrﬂﬁum bkide gr&ﬁtIEébiba%E‘fré(BF REL)POD) gidyindihe ﬁ],ake coat is formed
i on , ude a back coat 11 back
off R Haton WA e T T AF SO T B e PRSP
grains from adhering to the back side of the backing
102Aanbragveepa havig dinasions rldnehalgyciOminklas imgla@lda'n genicrofinisher

n ot he exa coat 1
B U B AT e TReOHE (aene ISAeRea it e
appEyitusC Dutifg fpEthigahd Wblﬂtmehﬂ(otaltds @bdid 2ts feerorl exiy inr wtindingctidns and
expo I.n a I, ex 112 ca
al% gsgﬁfé{:els bg%k gncp gc“ilgll a}l%% celétfal azf.ﬁeblg[?neral?lsgarll to1]] is aé)PPed to the
warkpieteOas @lcbeluet. SAIshes fdwmb&\mémegxﬁmtedaﬂnélam sjlﬁphedrhy IMPCO
prhqgc?sg)%%g-hgﬂmgé(%ltlhe-ra eﬁgv%(:kl ng n‘gl(lfé nfls%er settml%s mc?udo the driver
matar i:egvu;st araér tha henben of nedmlmgpnb baael4; dmmmlat@naﬂldtqr lqas el at 2.5
o aRespl vt akThPe oe Ry tith o8 o5l R VB Digfily 5

seCorde hued D RFMpardrassdHZ pdeitlion.such as a pol on ef| n film
(e.qg., polypropylene including biaxially oriented

pol ut r‘%ﬁ ¥ {ke%le whk 18 eyr?n%g grre p}éc%nmlt Sred umnéJz? idﬁ%l@%lnq‘ﬂﬁ (Q151)

terep
and then washed using a non- abraswe cleaner and are air-dried. An initial measurement of

the ring and ring surface is taken. The weight of the ring is measured using a Toledo PB 303
scale. The surface quality is measured using a Taylor-Hobson Surtronic 3+. The rings are
mounted into the apparatus and the abrasive tape is inserted. The rings are ground for 5

seconds in each direction and are then washed and measured.

The Rz Performance and Stock Removal Performance of the binder are determined by
the Rz of the ring surface and stock removed from the ring. Rz is the average maximum
height of a surface. Rz Performance measures the affect of binder formulation on workpiece

Rz measurements. Stock Removal Performance measures the affect of binder formulation on
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a cellulose ester film a netal foil, a nmesh, a foam
(e.g., natural sponge material or polyurethane foam
wa 20leo8b8§e. g., cloth made from fibers or yamnmsPCT/US2006/002836
conprising polyester, nylon, silk, cotton, poly-cotton
or rayon), a paper, a vulcanized paper, a vul cani zed
stellyBRpval ateay| Rlismasivelys 7y reﬂ@Vﬂdﬂ%@% Hidivged by o decgase in the
disRdhti Jradeir@ps thereof, or treated versions thereof. A
cl ot h backing may be woven or stitch bonded. In
articular exanples, the backing 102 is selected from
EgAﬁﬁ%ﬁd consi sting of paper, polyner film cloth,
cotton, poly-cotton, rayon, polyester, poly-nylon,
vul Thifi &@ahpleu ilhetiatesv theC aifluesd bf harticularet @lled d)fbaldmgﬂ dn abinder
§)iZG coaps%n sample

s A AR e T T
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Filler%

0.00 3.00

16.00

31.97

Rz Performance

3.33 3.53

2.95

3.47

3.88

Stock Removal

Performance (g)

0.96 1.01

1.14

0.90

0.89
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Simlarly, the backing 102 may be a | oop fabric such

as that described, for exanple, in US. Pat. No.
wo 26588881 (Follett et al.), the disclosure oPCwnhiSed6/002836
is incorporated herein by reference. In another

exanpl e, aggfessure-sensitive adhesive is incorparated
ont 0 {lvetrHiedcie tis gremple th &zdsHpamenyeardips 2mENPIR 0§ 250 @pd the

stbiaRethfl@1 PESSHbAR Ged A £ FhadRiuASsVE1 AGkth GhBple a8 Beluding 16.00
secured to a pad. An exenplary pressure-sensitive

witepstifulde files) udes 1 atex crepe, rosin, acrylic polyner

or copol ynmer including pol yacrylate ester (e.g.,
ERAMP(BYt yl acrylate)), vinyl ether (e.g., polyvinyl
n-butyl ether)), alkyd adhesive, rubber adhesive

chi BrnnetinPoipihy pioeseS YR i RbeRss e Sepk Bepove

Pdrfogthghcb aGlkésansitioh Ud@peramitea(Tgp laAd Elasticity aviddulysliftr@asuesd. The

b ot o S8 e 51 ol B e L 5L B
se(eBled iométhe goup conbibéngGif Terathant 2500 erathdne 10005 4,8-bis(hydroxymethyl)

oSSBT, Dbl B OB P BiGegpons

mBEeGwith Naadox P 200308 drgayur€ a2 ) Qigvaauledd k6, agd Wadderyd XP 21/0940.

bi nd f ation or abrasive slurry. tion . Lhe ..
NEERY G 2o R s iy B o Ao B e R Sglanfiin
patialatddfiiled) aviallatleOfibm Mhnvd CheniiibleBerkrk € The edncentipporsadnt yesults are
.t he, hi.n rmul ation is applied to the backing to
ﬂ?%?ﬁ$f$gghﬁﬁg'coat. I n one enbodi nent, the abrasive
grains are applied with the binder fornulation,
TMBEE@i n the abrasive grains are blended with the
HEP-N- S P~ S~V -~ ~U P~ W-SHE WP~ B T W -G - + ~
T Ul U T YT 11i1Tr Al Aap1r veT Dluly IJIIU U
application to phe backimyg. A texnativepy, the Rinder
INGREDIEN on is @pw i ed twithhe bawké ng twifor m t etsrake
coat and the abrasive grlains ar¢ applied to the|nmake
Naoadx XBA2A3Hs tM.¢ugh el/@ctor ost #i46 and/pacunat i7d.46
nmet hods. The bijnder fornulation|is cured such as
Irgdone 222 t her mal 0ABt hods |48 expodABe to Hd8inic [0.48
radi ation. Optippnally a|size coat is applied over the
Chigidcair PBsive gkl ns. T sizelléBat mayl-We
o curing|the nmake¢ coat, the nake
Nanoaryt X7 2 10844 hjél% cur ed-%i mil 11dR8ous] 3]/1-06
Alternatively, the make|coat is|cured prior to
Terpfhane@ali on of #hed sizelcoat and the siye coat s

cur ed aratelly. The bi%9§r formulation formng the
fyﬁﬁﬂg@égig——Lhe—ste—sgat%'.he corpli-antl-coat—orthe

hi ndaer—f aormi-—a+
oTTTatcl oo at

O

applied prior t

4,08Gkhy8RAymEmY) | ncl ude col | oi dal | bi nder fornul ati on.
tritPdo(5811109dLdale bi nder fornmul ati onzpmy i nclude
Sub-mcron partjiculate ffirfrer, such as jpano-si zéd
2-payiti, chbahalidli ||| er having a narfow 12.49
1,5-pentanediol 12.49
RESULTS
Filler% 35.32 35.32 35.32 35.32 35.32
Rz Performance 2.48 3.68 3.13 2.15 1.43
Stock Removal
Performance (g) 0.52 0.67 1.00 0.56 0.25
Tg (tan delta) 84.25 116.55 139.8 03.6 53.85
E' at 23C (MPa) 2374.5 2591.5 3258 2819.5 1992
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particle size distribution. In a particular

enbodi nent, the colloidal binder fornulation is cured
woaodomssasg he si ze coat. | n another enbodi nent, PCNAIS2006/002836

colloidal binder fornulation is cured to formthe make

coat. Alternatively, the colloidal binder formulation

nays%’épl%%ﬁé‘éFlltd@gfb¥T?P’?tﬁ‘ée pPrioviAen the. iomispti Referfopmancepf 143 but

has fp@ombapnahomp&f&mtce I'The FP)@JttSt&:w I&al’rno%'lbﬁb@l{foﬁﬁﬁfcé of 108 g is
coats and abr asi ve gra ternedto

orm
Eogtd b BRI 2 Forih o8- b TSR E 0 eV IR b EO)Scans.  Sample
2. B)atsb 856 highest QlafAcRY foagi@s 6f 3258 IMPLdtthahigRRN T GE 139.8 of the

asi

[ e artlcle per f or mance.
sagples §) this@*4PRS t he coats using, for exanpl e,

Patterns may be pressed

a

rotogravure apparatus to forma structured or

ExasniPngsr ed abrasive article.

An exenpl ary enbodi nent

of an engineered or structured abrasive is illustrated
i | 2. 18 t d t ed
A A By G e A

Stde Rphavdl Bdforitdnts ack abtedsi Viase at@latt saine s@dnodnyl USP 21/0940

Pat e

Tl e e M R ]

ethd’xcﬂrludglsteﬁ ehehCikielndjng ORvtaicbliaidhlosika p’dﬁﬁu]atecﬂllfbd iallitgeach available

e oo 18 et oo
e D Rt i i

backi n
s M55
Xbaeks g 1]10@EnahedidlJrgabureGOAR @l | G}uvabllne 1126 er TOebnipssitions and
surface structures 206. The | ayer

as one or nore coats.

I n

Oc%r P%\‘rll 1

atlons
| on

re

-

For exanpl e,

the | ayer 204 may include a nake coat and optionally a

TABEB3coat. The | ayer 204 generally includes abrasive
gratns—antd—abinpder—tnATone—~exenptary—enbodi nent, the
abrasi ve grai nsPAr e glbifd%d wi t B:& he” bijnder

aation to Wrt%m Wfo/@o sl Wfr/\?/ Alternatively,
the abrasive grfains are|applied to the bi nder after

NarfoporbKPd20314s cldbi®ed on [1738 backird§ 202, Optionally, a
functional powder may be applied over the |ayer 204 to

1,phaxartiol he | ay

€7.4204 fnemesti cksnrg to

t he patterning

NARYryPRPY$AYs54 0 |f or m bonded 5.15
RESULTS

Filler% 33.49 33.49 33.49
Rz Performance 4.02 5.70 6.60
Stock Removal

Performance 0.45 0.46 0.37

tooling. The bijnder of the nmake|coat or| the size coat
Ir éé{re%zz"‘ col | oi ggi bi ndeUs wher @iy the formulation
that—Ts cured—tjo Tornrtie UI mdet—T1s acol | oi dal
suspen n incl n an cuI at iller|
Clﬂch ];'e ib \/al \/ fgblg grlrllé 1!'?& b: nd‘er iS a
nanoconposi te bi nder i ncl ud| ng subm cron particul ate
NaropybXP 2798405t rd% ur ed abrasive|articl el 200 may
optionally incljude conplii ant and back cpats (not
NatoomhXP 2TheXe cloat s may Fisncti on as desicri bed above.
In a further exanple, colloidal|binder fornulations

Sample 3.4 including Nanocryl XP/0940 exhibits the lowest Rz Performance while

showing comparable Stock Removal Performance to the other samples of this example.

?1(1) eﬁ ine ude Nanopox
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Performance (g)
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0.69
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fllnétﬁer) Feath &4aRm BomdHanse

Sample 4.4 exhibits the lowest Rz Performance of 2.00. Other samples (4.1, 4.2, and
4.3) exhibit comparable Rz Performance 2.65-2.75. Each of the samples exhibits comparable
Stock Removal Performance (0.69-0.74 g).



10

coat over abrasive grains and a make coat. The

abrasive grains are 80 mcron heat treated
woeeaeme0Bsdsabl e al um num oxi de from Trei bacher ( BERRISX86/002836
80 grit and the nake coat is fornmed of UV-curable
acryl ate. The abrasive grains and nmake coat overlie a

ol yest er backi ng. An abrasive tape having di nensi ons

&R by 30 inches is placed in a mcrofinisher test

apparatus. A 1.983 inch dianeter workpiece ring forned
of m@%’bﬂ&ﬁ Q&bmﬂ)lﬁ, b N&epleet b@pa@ectb sing@ppsizatcos. hdli)iifgi ihg binder
testing the wor ece rotates about, its. centr axi.s
OO IR 07 GRYE and 5 QBB Jamion SBSEL o gaporize filer
paa:iqmguﬁﬂgeq GeSRh e aaaqﬁ@l oﬂwame;onalA GE)aind ﬁiidrgﬁ-Sifz@lﬂllefsE(NPtm and
t he rkpi ece as a cool ant. shoe fo .of s t.e
At 3 b Bec o app g a0y b B ottt S pRIR S pNBaD ingades
sphf]}ﬁ:agﬁ_ﬁ@esbétﬁcl&saﬁkﬁlli(nguiﬁa‘mrd‘gé Qfai'tf&'lseshﬁ{] oiSﬂidrile:) BOSictddC| UAEH S-3
t river .nptor key set at .1.25, . the nunper ol .
inglides g PR aimin apbyarigh i e o ﬁVW@F“wLE’y“Z&é)F about 3
mRtond. PhadathplelRs BYRHSN Roditls A1B.9/GPAA3B00kSIN@gensile strength of 77.2

M@g 2%8&% %ri %Yolﬁgaﬁ‘og rzflg %%la £ o{_&’%‘é glg Ifaflcﬂg{)l{, gﬁ i_ag;ati?elo%/rti?ls having a

sitethi fognddg thofolopilala ekhibisSancR £Pgfoaaaae bf 1.0fat asibekgremoval

orf oSS e e Rutgy o 4 Savee O SR g cometer o

theReSigeBRAbedih tHehRpdrinegtabmethed atgvsur f ace is taken. The
wei ght of the ring is neasured using a Tol edo PB 303

scal e. Thﬁé@ﬁé%ace quality is neasured using a

Tayl or - Ho urtronic 3+. The rings are nounted into
t he appar at us Eﬂﬂﬂ&ﬁﬁ rasive tape, i s inserted. The
rings are ground—+-of Eﬁgeconds ﬁgﬁ/ +fecti on and

E

: oh
m—cactr urt

are then washe asured. Th Per f or mance and
St ock Renoval gg?.%?ggnce of th &%fider afle determ ned
by the Rz of tgﬁlrin surface ang15 tock renmoved from
the ring. Rz ilsTI W& Hverage maxj¥rim hei ghtl of a
surface. Rz Performance neasures the affeg¢t of binder
formul ati on on $&Bkhi ece Rz neastiPenents |Stock
Renoval Perforimance neasures the affect off bi nder
fornul ati on onsPPE4 rempval ratek80 Alternatively,
stock renoval jmay be indicated py a decrease in the
di amet er of t higCralyfifloxp LE || Fhi s exanpl e
illustrates th'e‘rln’ﬁ?hloﬁﬁﬁﬂﬂl@ of particulate filler
| oadi ng on bi nder performance, such as Rz |Performance
and St ock Remoneltivassiesldt nance &_coatslon sanple
abrasive articles are fornmed friom bi nder fiornul ati ons
i ncl udi ng Nanopd3&p 22/ 0314 46.71

ATH S-3 7.78

Nanopox A 610 27.75

Chivacure 1176 3.89

SDA 5688 0.00072

PERFORMANCE

RZ Performance 1.75

Stock Removal 0.0082 mm




avai | abl e from Hanse Chem e, an epoxy resin including

3, 4- epoxy cycl ohexyl nethyl -3, 4- epoxy cycl ohexyl
woanlsosydsat e and 40 wt % col | oi dal silica parti eqiraisen06/002836

filler. The binder formulations also include XJVR

6105, which includes 3 4-epoxy cyclohexyl

nmet hyl - 3, 4- epox cyclohexyl carpoxyl ate_amd no

particul ate fli%@ﬁgsﬁﬁém Bsnder %Y nul abPdns furt her

i ncl ude a pol yjol (4, 8- bi s(hydr ox§A¥ 1)

tricyclo(5. 2. Q)decane), a cationic phoetoinitiator

(Chivacure 117 % rad|cal phot o n|t| (I'rgacure
2022, avail ablje ??%ﬁ§ﬁ? #a(r)), %7 §¢ e precursor -
(SR 399, a dipentaerythritol pen te avail able

from At of i na- Sart-erer—Extenr—PA) Tﬂb'e 1 illustrates
t he concentr at| n otoconponents Qn t he bi nder
formul ati ons ardtHd% esulting—Ranrd—Stetk Renpval

ettt e SRR SRR PECE .

an8ttﬁ£ Kpﬂaedl‘sﬂvﬂdlm?afef tend@gicte doedciliesicia nivdificatioms 0énhanckdients, and

ot b Beglimriics” Tl S oot 1abe t ffe . i dngption.

pol yol species on Rz Perfornmance, Stock Renoval
Performance, d ass Transition Tenperature (Tg), and

El asticity Mdulus is neasured. The binder

formul ations formng the size coats of the sanple
abrasive articles include one polyol selected fromthe
group consisting of Terathane 250, Terathane 1000,

4, 8- bi s(hydroxynethyl) tricyclo(5.2.1.0)decane,
2-ethyl -1, 3-hexanedi ol, and 1, 5-pentanediol. The

sel ected polyol is mxed with Nanopox XP 22/03 14,

| rgacure 2022, Chivacure 1176, and Nanocryl XP

21/ 0940. Nanocryl XP 21/0940 is an acryl ate precursor
(tetraacrylate) including 50 wt% colloidal silica
particulate filler, available from Hanse Chem e,
Berlin. The concentrations and results are illustrated
in TABLE 2. TABLE 2Sanple 2.5 including 1,

5- pent anedi ol provides the | owest Rz Performance of

1. 43 but has poor Stock Renoval Performance. The best
St ock Renoval Performance of 1.00 g is found with
Sanple 2.3 forned of 4, 8-bi s(hydroxynet hyl)
tricyclo(5.2.1.0)decane. Sanple 2.3 also has the

hi ghest el asticity nodul us of 3258 MPa and the hi ghest
Tg of 139.8 of the sanples in this exanple.




EXAMPLE 3 In this exanple, the influence of types of
acryl ate nononer on Rz Performance and St ock Renoval
weoendomssmnce are tested. Three acryl ate resi nsSPCT/US2006/002836
(Nanocryl XP 21/0940 (tetraacrylate), Nanocryl XP
21/ 0930 (diacrylate), and Nanociyl 21/0954
cilAfidret hyl ol propan ethox triacrylate), each including
" H50wi % col loidal silica particulate filler and each
avai |l abl e from Hanse Chem e) are tested. The size coat
bi nder af 0
22/ 0314, &%&ﬁng’gﬁ%ﬁ%gmﬁégg?ﬁ? i, %Igg‘%aarﬁ’aﬁgg?ﬁ“\’/“agﬁrbemder
117 EOMPRBHIOFATEEIING abant 4P avitielo abes 9rwt% Fdtigaicallit pdyrherizable
Tablg ounMﬁ&%r&at@QH&l ookt 4'0 0% |radan pB@%EE% Mp%g A and

exhi bi t he |'owest Rz Perfornmance

rrpaQP‘éfbﬁ @’t‘@tt@: AROURSAINIH Papkiguiats ﬁﬁ?ﬁd@sqdd)rt the \mghé of the binder
S anmoﬁéoﬁtflont the D@ X AP Fifer E SN crﬁiré)'eﬁec@sufbﬁlligr&%artlculates.

exanpl e, the influence of epoxy noners on
Per f ormance and St ock Renoval Performance is tested.

The xonTeat doadpbificn AF ElMh €IDOKYthé&O0 TBARER S 0(1'\%0»9% Ahonic
22/ 0 14 and Nanopox 22/0516 (bi sphenol A diglycidyl

et h PERY avai | abl e from Hanse Chenie) having
nano- S|zed silica particulate filler are varied. In

addit i an oxetane co nent, OXT-

(3 HF eoProsthi o iy PRGNy PR S8 MY radicel photoinitistor
i ncluded. A ponoI (Terathane 250) and a photocat al yst
(Chiyvagur e ded Th osi ti ons and

resul ?J[s:h eacrogIl PPY F ?fr j\?ngdlc Vﬁ PerElfhg @ ras“f% s 5[‘3‘§a?'Fp?V§ra$e grain
ex hisfze tleashebouoksicrdiz Per f or mance of 2.00. O her

sanples (4.1, 4.2, and 4.3) exhibit conparable Rz

Per f or mance 2.65-2.75. Each of the sanples exhibits
c o nmpar Hisl @nPosititn fectoival, Werdio thveabesive (graﬁlﬁ;- &e Bdected from the

USI Eéégp ESI&IH% Ve Q.:ﬁ%!i ha%ml‘rai %ma a11co r‘rg)rlb %ﬂipo[r;?erp glrdeedboron

S| ze dV|n ormul’a
il @@Ild%tgedleﬁ, Idlaﬁ’a)bd ecoﬁlsedl' hlemlmamileomﬁ ogeriayl tthriam diboride, boron

i ncly %ﬁé’tfﬂ g‘gﬁ?%m’?hg felalnld%[en%%éqﬁocfl es Squl | ed

t hr oug i on and mcron-sized
fillers (NP-30 and ATH S-3) haV|ng an approxi mat e

aveagge E@tﬁﬁdsﬁioﬁ 0B b PfWI%I' e QA icul VB 38 1 AGH %9%?%e| pearticle

spherical silica particles aV| g an average par
si z&izef Hmpir 209 oM. cron. ATH S-3

7. The composition of claim 6, wherein the average particle size of the particulate

filler is less than 100 nm.

8. The composition of claim 7, wherein the average particle size of the particulate

filler is not greater than 50 nm.

9. The composition of claim 1, wherein the binder composition comprises about 5

wi% to about 50 wt% of the particulate filler.

10. The composition of claim 9, wherein the binder composition comprises about 20
wit% to about 45 wt% of the particulate filler.



i ncl udes non-spherical alum na anhydride particles

havi ng an average particle size of about 3 m crons.
woheosasgst e has a Young' s nodul us of 8.9 GPa ( pBDAISSI0$/002836

atensile strength of 77.2 MPa (11 2ksi), and an

el ongat 1% b L:

ar 10y o RaoRpottidi ol £ inct i ALY Ry AR VRIS  sccond

exhi moyla@rﬁlﬁz Perf ormance of 1.75 and a stock renoval

of 0.0082 mm The stock renoval is indicated by a

change of 0.0082 mmin the dianmeter of the test ring

desclk4 g cpmpasiion ek plaip Herhepintis ssennd ppdigdate Tl Es gmaysrage

abovigrigliisGle0s Rest btk licrdmt ter is to be considered

illustrative, and not restrictive, and the appended

clainms are intended to cover all such nodifications,

enharzc ew&&npoﬁﬂgn @E 88 e RAdiciihe Sveridy Sditididbike W ﬁlQ'SEbond

the true sco t he present i nventi on. CLAI MVB:

@6ﬁﬂﬂ?§@ﬁ&’55?ﬁ§?%e grains and a blnder
conp03|t|on t he bi nder conposition conpr|3|ng about

10 %..0 about . 90 t|on|c [ 1 meri zabl e

conpot nﬁ“" RBPOFHB & V\Tﬁ r?”hébeé‘htahe &%?O%? DTG E B35 4 aspect ratio
pol yioe gieztaitheén bovgound, and about 5 wt % to about 80

W % particulate filler based on the weight of the

bi nder conposition, the particulate filler conprising

di sper sditie swbpbdticamnopakain di) shesin the sbbendcpamadtd ifiler has a
of cl |n11 further.c ising 0.1-20 wm % cationic
phot0|%xweg@m“ﬁ%?“a?%qqg%nposition of claim1, further
conprising 0.1-20 wt % radical photoinitiator. 4. The

co Si44 .0 a h

ha\rrgﬁanfﬂgvcre&mggm&én éf“é%a]:%l l\é\gf%gr%inlntg% Sz%qloﬁgglﬁls}!) E&r&eq[z%lg %ompound
5. Thdudes ﬁpquyﬁmotlmfal gringpiongnt pr antmptemeﬁfunttt@nd@pmsmncet
grains are selected fromthe group consisting of

silica, alumna, zirconia, silicon carbide, silicon

ni t ri7delheisompesitisintafickpén 1gwharein thechiedep peposisipn seigprises a mono
alu [ [

o Bﬁr%@lyzgfl*c?cgﬂl ntle'tlﬁé ﬁg%{/ dli@léat{(j rﬁcﬁﬁélﬁ 2 :ppagfc p‘3ﬁol Q%Bﬁgsterpolyol or
t herarolyethgrpoisb conmposition of claim1, wherein the
particulate filler has an average particle size of 3

run to 200 nm 7. The conposition of claim6, wherein

t he v dhagempesition ef daisy I7ewhreip the binger Gampogitien ¢qmirisss begveen

| esss {v19aand 96 Wi of the mono or poly glycidyl ether of the aliphatic alcohol, the
aliphatic polyol, the polyesterpolyol or the polyetherpolyol.

19. The composition of claim 1, wherein the radically polymerizable compound

comprises at least one (meth)acrylate group.

20. The composition of claim 19, wherein radically polymerizable compound

comprises a component having at least three (meth)acrylate groups.

21. The composition of claim 1, further comprising a component having a polyether

backbone.

22. The composition of claim 21, wherein the component having a polyether

backbone is selected from the group consisting of polytetramethylenediol,



8. The conposition of claim?7, wherein the average
particle size of the particulate filler is not greater
woheos/08888m 9. The conposition of claiml, wheCceius2dheo2836
bi nder conposition conprises about 5 wt%to about 50
wt % |
CI ai %{'Cé&}heq 1 e Fy?%qh%ﬂ%th%lg%érd?og oanqio Sclr}{-mg rc])? g)'a‘ﬁ_/ge%a&etgylenedlol or
abougoly@Grawtethyteoedid] oontaidig M)%'cn‘rbmlh‘fe gpapt i cul ate
filler.11. The conposition of claim1, wherein the
bi nder fornul ation conprises a second particul ate
fi |18 Thezommusisioo ofipleisi 21, ovhersin the bindar rampasftionspmptiseeabout 5
sec I
C T DAl Tt h Bl A, B0 N RS I REISH B Sirund
12 herise eipplyether badkbragge partlcle si ze of the second
partlculate filler is 1 mcron to 10 mcrons. 14. The
conposition of claim 11, wherein the second
par t #e ulThe eomaesition efsplaim Lr ahpsinte bjrdeatcampesiion eamises 2
2. l@spesh@. conposition of claim1l, wherein the second
partlculate filler has a refractive index at |east
about 1.35. 16. The conposition of claim1, wherein

t he m]ETlﬁrvoﬁ@bdnlyonpﬂlcmﬁm Db Zdlkh&n R AR EaLht |1$?§61€U‘g@ $rodithe group
uncti_ona conponent or oxet ane-tunct i

co rrp%?ﬁﬁéﬁtng Of 1 OTEFROSH R 8 fﬁm%wag%e d oregnop ixawraﬁwﬂswbﬁf&uted

bi ndgkroGeIHBOS ipb ?,@fyam?m bIBES aidl ADBByleHeoRidb Yropylenenoxide block

egC|d%jether an aliphatic al cohol, an aliphatic

pol y&PY Y80l yest er pol yol or a polyetherpolyol. 18.
The conposition of claim17, wherein the binder

conp ion co 5 Wt % 0 % of t.he
roneor TSGR SETOAE Gy e Berter A (oo BT SHATT oA BBREE doou
t he @l wphaiid £wpoUdigpdrsant. he pol yest er pol yol or the

pol yet herpol yol . 19. The conposition of claim1,

wherein the radically pol ynerizabl e conmpound conpri ses

at | 2askhe coepdsitinvf a}ainy Il awlteergm, atpr. full Oure Tthe binderposipbsitinm has

of cla %ohdﬂ%%k %Qhﬁélly pol yneri zabl e conpound
§ f aving at |least three

(neth)acrylate groups.
28. The composition of claim 1, wherein, after full cure, the binder composition has a

tensile strength of at least 20 MPa.

29. The composition of claim 28, wherein, after full cure, the binder composition has

a tensile strength of at least 30 MPa.

30. The composition of claim 1, wherein, after full cure, the binder composition has a

Young’s modulus of at least 500 MPa.

31. The composition of claim 30, wherein, after full cure, the binder composition has

a Young’s modulus of at least 750 MPa.

32. An abrasive article comprising abrasive grains and a binder comprising a cured
formulation, the formulation comprising not greater than about 90 wt%

nanocomposite epoxy precursor and comprising acrylic precursor.



21. The conposition of claim1, further conprising a

conponent having a pol yet her backbone. 22. The
woanpassass on of claim 21, wherein the conponenPCiag2mg/002836

a pol yet her backbone is selected fromthe group

consj,st f. J r Y, 2di. ol gl yCi her of

pol yeq Py Bty AT PUERETUR bbb BbE! o greater

pol ythat sbantEi0iwtVewsdic otecarorpol yt et r anet hyl enedi ol

cont ai ni ng a pol ycarbonate group. 23. The conposition

of claim 21, wherein the binder conposition conprises

abowd4- 5 The wabragivesgisle 80 claimo3Ba sbereton the rsrylisi Rypqurssf comprises

binqﬁﬁo&ﬁﬂggég&kgpmgau§ge conmpound havi ng a pol yet her

backbone. "24. The conposition of claim1, wherein the

bi nder conposition conprises a dispersant. 25. The

CONPBS| THeQBraSibe Gkidle B dhim WGF RN thE FotHuBRER S@RSriskSnot greater

sel ected fromthe group consisting of an

or gahtsabPehAra’e ralyPlinct i onal i sed or ganosi | oxane, an

al kyl -substituted pyrrolidone, a polyoxyal kyl ene

et her d an et hyl eneoxi de pr.opyl enenoxi de bl ock .
copoﬁréy methe Sasivenirticly rr‘b%§]iat“? ot?> ofhegqimyithg Sormulgiiap efoppprises a
t he phofdefiat&onposi ti on conprises about 0.1 wt% and 5

wt % di spersant. 27. The conposition of claiml,

wherein, after full cure, the binder conposition has

an d7origetdbakivatrtivleaddlclah 3af wheraiatthel fod¥alatzdh cohtpeises a thermal
conmposition of claiml1, wherein, after full cure, the

bi nd®H¥ b nposi tion has a tensile strength of at |east

20 MPa. 29. The conposition of claim28, wherein,

af t ful | re, .. i.nder_.co sition .has a tensil o
St 1 o ol AR o RO R i v
cl aitombiout §het’eparticuddte Bllerf ul | cure, the binder

conposition has a Young's nodulus of at |east 500 MPa.
31. The conposition of claim30, wherein, after full

cur &9- {The alyhsintenrticdorfisdaiin 58.ovhends tha forowhtjors contistabowss wiv%
at ligasdut 400 é%wégafﬂgg abrasive article conprising

abrasive grains and a binder conprising a cured

40. The abrasive article of claim 38, wherein the particulate filler comprises silica.

41. The abrasive article of claim 38, wherein the particulate filler is substantially

monodisperse.

42, The abrasive article of claim 38, wherein the particulate filler has an average

particle size not greater than about 100 nm.

43. The abrasive article of claim 38, wherein the formulation comprises a second

particulate filler having an average particle size of at least about 1 micron.

44. An abrasive article comprising abrasive grains and a binder comprising a cured
formulation, the formulation comprising epoxy precursor and at least about 5 wt%
particulate filler based on the total weight of the formulation, the particulate filler

having a submicron average particle size.



formul ation, the fornulation conprising not greater

t han about 90 wt % nanoconposite epoxy precursor and
woanrossissg acrylic precursor. 33. The abrasi verarmised06/002836

of claim 32, wherein the fornul ati on conprises not

gre I 9

br 2435? VTeh% g[;ﬁ?ls 2%)%&? c‘il"ﬁﬁl ré]ﬁ,g\gl{e}‘% ’Ee}nregtlgrﬁﬁﬁﬁ&g) EOmﬁﬁes a-{nagst about

pr ecUrwidr pariieiatd Blées. nanoconposite acrylic precursor.

35. The abrasive article of claim 32, wherein the

formul ati on conprises not greater than about 20 wt %

pol yHI- Thggbrasiyreartigle efsilajia 4ar Wheegin the foramulgfipn gumprisppet tepst about

t he fopopbahdu@ GRAPri ses a photoinitiator. 37. The

abrasive article of claim32, wherein the formul ation

conprises a thernal initiator. 38. The abrasive

ar t i £1. eriRfabikiaé BtidR.of VAR 84, whektth 116 hvaigat fdaﬂi&le%%m h&t@seater
5 wt%to about 80 vvt%partlculate iller .

abou
The %W@QPV@ 0% icle of claima38, wherein the
formul ati on conprises about 5 w%to about 40 wt %

part ate filler 0.. Th brasj ve artlcle of claim

I ohiBifropise a*is‘alFtO? Elafmad & vhefepee BYTRSPiPeREleg ze; iAot greater
41. thieabatrs@sinve article of claim 38, wherein the
particulate filler is substantially nonodi sperse. 42.
The abrasive article of claim38, wherein the
par t49c ulhatabrafivé hréicle hﬁslaiamzamélmagﬁh@pmiémdteﬁﬁérmS mpﬁrtlcle size
g{: c}rlnﬁglg.lttljgg %hzg*gc(%e%z?% gy ]agmmrtr’u 1§1th nc?’r;] gE: g n{)g}SI V§ grt\tg/{cg ghe average
par tpacticlessize. fi | | er havi ng an average particle size of
at |least about 1 micron. 44. An abrasive article
conpri sing abrasive grains and a binder conprising a
cur ed. f Brembrasivie article dfecldimr 44 wdisieonthe dorprulasipm gorepxrsy/a second

pr eg%ﬁﬁ:ﬁfateqﬁgr ﬁatwl{g%ﬁlg%rﬁg?)%lcg s% f Q?eraFt ?(%tqtn%fxfﬁlé.l Ler

bas on the tota he tormu I on,
particulate filler haV| ng a subm cron average particle

Si 265145 Thd NBra3RE BHNE oAl labiiy| . Qnefehif! 'tﬂp %’XX/ Vid?&ﬁl?sbln cgllﬂﬁises
0

fornmul ation conprises at |easf about
par tTapQfopPesite epgxgprecursor.

52. The abrasive article of claim 44, wherein the formulation comprises not greater

than about 90 wt% epoxy precursor base on the total weight of the formulation.

53. The abrasive article of claim 44, wherein the formulation comprises not greater

than about 50 wt% acrylic precursor.

54. The abrasive article of claim 44, wherein the acrylic precursor comprises

nanocomposite acrylic precursor.

55. The abrasive article of claim 44, wherein the formulation comprises not greater
than about 20 wt% polyol.

56. The abrasive article of claim 44, wherein the formulation comprises a

photoinitiator.



46. The abrasive article of claim45, wherein the
formul ati on conprises at |east about 20 w %

weoaondeiossisat e filler. 47. The abrasive articl e BETEIS2061002836
44, wherein the average particle size is not greater
t hanSﬁb?ﬁg ab}%ﬁrerwaiclé §f cl;riHleM@Wil Ve %r}nlu alci gc]:mpg:r}sasl Mhermal
47, whereln the average particle size I's not greater
t haninglstpat 50 nm 49. The abrasive article of claim
44, wherein the particulate filler has a particle size
di stribution characterized by a half width not greater
t hand%abldg ebragiycatielp ef daimrddgehopap the prisicwate fller3Ompiiyve silica.
abrasive article of claim44, wherein the fornul ation
conprises a second particulate filler having an_ _
aver ¥ge Thartrasiyecartsly ef glping ¢4, vdigtain Hisqarticylate fglfep is substantially
The abiRsbMs.article of claim44, wherein the epoxy
precur sor conpri ses nanoconposite epoxy precursor. 52.
The abrasive article of claim44, wherein the
f or nad. atd Meste BRIcicSBmpdig HiRRAE BhairdsRada aIRIHal Rhpstifobinder.
epoxy precursor base on the total weight of the
formul ation. 53. The abrasive article of claim 44,
vvlg er@in ]thheabiaafvmkllractlé: @ff (L6, &eliérdimtthheg rbelgii@l dofi@bkite binder
about 50 wt % acrylic. precursor.. 54 e abrasive
ar t | O&"SY aB?ngW*/&iP ab&hﬁ@ﬁ&’t% Refiigtiatelles- ¢ or ecur sor
conpri ses nanoconposite acrylic precursor. 55. The
abrasj v rticle of claim.44 erein the fornul ati.on.
con'pa%' sgrsl} gn"lc.:t)’ aSHF AHLT 0? KA oo 0t 53" \r/\%}ﬂe%ce%qlég%lcf)mg it8 binder
The @bwpsasdsaboud b withlte atmiut 41 wivapaddqulah@ieei n t he
formul ati on conprises a photoinitiator.57. The
abrasive article of claim44, wherein the fopnul ation
conpBi sdde abrasive realiclé i talain o0, vB8reiM e adltoddsil \cemposite binder
art 'c%h‘@rigs a%{)lﬂﬁ(m t%éréed chllllEOSEtQ..e parti .CU| ate fill er
conpri ses sillca. i e abrasive article of claim
44, wherein the particulate filler is substantially

noNQgli SAKE Srasive article of claim 60, wherein the colloidal composite binder

comprises a polymer.

65. 'The abrasive article of claim 64, wherein the polymer comprises an ultraviolet

electromagnetic radiation curable constituent.

66. The abrasive article of claim 64, wherein the polymer comprises a thermally

curable constituent.

67. The abrasive article of claim 64, wherein the polymer comprises a cationically

polymerizable constituent.

68. The abrasive article of claim 67, wherein the cationic polymerizable constituent

has an epoxy-functional group.

69. The abrasive article of claim 67, wherein the cationic polymerizable constituent

has an oxetane-functional group.



60. An abrasive article conprising abrasive grains and

a col |l oidal conposite binder. 61. The abrasive article
wohowloasass 60, wherein the coll oi dal conposite BCHAS2006/002836

conpri ses about 5wm % to about 80 wt % particul ate

fill . . abr.asi ve art £l . i 61, wherein.

the S5 113F S haF L UMEE st TACAd, SRBEF bincer

t 0 atvoprise$ @ ceticHiquaiotoindtiatatigarf anhduet abo®3). 1 Wite teedbo@ 20 we%s.

article of claim®60, wherein the colloidal conposite

bi nder conprises a solution formed nanoconposite. 64.

The Hor &bg glwasivet drtitle ofelagh Htnvbeeinvihe pelymer pemprises a radically

col | gj : | bi nder conprises a polynmer. 65.

The §%$§%¥§gy§g§?%%% of claim®64, wherein the pol ynmer

conprises an ultraviolet el ectromagnetic radiation

cur apl, erpeap@alivd MEAE of 88im FNGhaRMAR MEicAly pohirferRibl& bddksifhent

64, wherein the polyner conprises a thermally curable

constoptiesset lesy onepsthiasrdas sieumrti cl e of cl ai m 64,

wherein the polynmer conprises a cationically

pol ynmeri zabl e constituent. 6%. The %grﬁgjve article of

cl ai i 67 Y eRHClP RECIRE o Minereiighs maics Datphwnerizable constituent
cons&d;ﬁpumtt1éaashra@(fn@mgmy1£w@@hb@nal group. 69. The
abrasive article of claim67, wherein the cationic

pol yneri zabl e constituent has an oxetane-functiona

gr oupt. 7(@he Tdbeasabrasdly of alldimclle oieredh ahancOlloidaMvem@odite binder
the coll.oidal..c si.t.e hinder conprjses a catiqnic

phot STt A BHCH S biaLUR e ARG ABea0-LE Y IxGeatant S0
wt% 71. The abrasive article of claim®64, wherein the
pol yrer conpri.ses...a, radical ol rizabl e .

onslt B0 ADe5 e’ F0GR, 64 ARaITRE A sompes an cpory
whermnstitdene radi cal | y pol yneri zabl e constituent

conprises at |east one (neth)acrylate group. 73. The
abrasive article of claim 73, wherein the radically

pol yifer Theaplresiveorréicle tof estrim cYnphiersin te pobvast comprises an acrylic
(net&%gg&%{ate groups. 74. The abrasive article of

claim 71, wherein the coll oidal conposite binder

77. The abrasive article of claim 64, wherein the polymer comprises an epoxy/acrylic

constituent.

78. The abrasive article of claim 60, wherein the colloidal composite binder has a

Young’s modulus of at least about 500 MPa.
79. The abrasive article of claim 78, wherein the Young’s modulus is at least 4 GPa.

80. The abrasive article of claim 60, wherein the colloidal composite binder has an

elongation at break value of at least about 1.0%.

81. The abrasive article of claim 80, wherein the elongation to break is at least about
9.0%.

82. The abrasive article of claim 60, wherein the colloidal composite binder has an

Rz Performance not greater than about 3.0.



conprises a radical photoinitiator in an anmount about

0.Iwm%to about 20 wt% 75. The abrasive article of
wobheiernssas wherei n the pol yner conprises an epBgY/US2006/002836

constituent. 76 The abrasive article of claim64,

77 ShoTboREN SRS OB S a6t o lFial BPRpepi B bas

poI y$reck Ranmmynl Refornaunceqiax ieaaabont 0.¢ gconst i tuent. 78.

The abrasive article of claim®60, wherein the

col | oi dal conposite binder has a Young's nodul us of at

I eas$4 ablthgt absB e Metcle 08 . claiine6® bwizsdiv ethalcblilcu'dlada o(ofnpodimi sinder

The é;ggﬁh?és@)ah‘@ﬁ tX ?Figl%g mgﬁﬁjwe 6par\tl\§|le size aabo%lfh34ant3a200 nad.

asi
col | oi dal conposite binder has an elongatlon at break

val ug theaaﬁ)ragﬁ@%xcl@ ke Uﬁm} 8? %hei?é%l thgla%r?% }éesm%r % h&cl g?eater

of claim80, wherein t ongation to IS a

| easthamabeut509mpo, 82. The abrasive article of clai m
60, wherein the colloidal conposite binder has an Rz
Per f or mance not ergf{reater t han about 3.0.83. The

abr o Vidie abrapiye ertigle of plainnd ovhergincthe partiewiate EH¢r hes a aprticle size
conpgsiibgiol 'hﬁkqg Wwﬁtﬁo@ RlsreReADb Bkt tRE &Q U@Qé‘eepaﬂfcle%‘ize of

Ieast about 84. The abrasive article of claim
%éﬁ*‘\é‘?‘ﬁlﬁt@tﬁ]@rcm | oi dal conposite binder conprises

partl culate filler having an average particle size

abou}# 3. run_to, 200 nm The abrasive article

85.. of
cl ai th 84 he\ghEsip pride Oswiaruag@ piersi e spliaida <OmBgsite binder

ar eaioﬁ@rlhdﬁq{ﬂlrtﬁ:bﬁtét filk) sBIbted GromIihe g@@l’pa&nyﬁtu@ b1 6ili&, frconia,
clal gm@ere]nthe articulate filler has a

parﬁ‘t‘ﬂ"@a angitigpg! Mt Peshavi ng a half wi dt h not
nore than about twi ce the average particle size of the

part ate f.i abrasi ve ,artigcle of clai

i bty ?f'??fa&aﬁ e aars?%%ﬁh%aﬂ*ﬁpmgégma-
part| culate filler select _ed fromthe group consisting
OXI ?9' I"[%Q’abr%éi‘r/ecag@clzlg of cfi\eltillillr'go Fher&H ghetcroﬁoﬁellltclor%&?slte gl%‘élerl includes

particulate filler that is substantially agglomerate free.

90. The abrasive article of claim 89, wherein the particulate filler is substantially

mono-disperse.

91. The abrasive article of claim 60, wherein the abrasive grains have an average

grain size not greater than about 1500 microns.

92. The abrasive article of claim 91, wherein the average grain size is not greater

than about 750 microns.

93. The abrasive article of claim 60, wherein the abrasive grains have an average

grain size at least about 0.1 micron.

94. The abrasive article of claim 60, wherein the abrasive grains are selected from the

group consisting of silica, alumina, zirconia, silicon carbide, silicon nitride, boron



88. The abrasive article of claim87, wherein the
particulate filler conprises silica. 89. The abrasive

wanbicissss®f cl ai m 60, wherein the colloi dal coRpORISE@®6/002836
bi nder i ncI udes parti culate filler that is

subst. t| oner.a

arti CF% uc a m 1§§ CO\%%‘?%&%%&ZHCOI&?T ?e&f’ﬁ g{agmf“] ?P%‘?de goron
subsdtagndd, girhat, dionarddflisp eme, an@ b ble]ihehembf asive article

of claim®60, wherein the abrasive grains have an

average grain size not greater than about 1500

m crPnsThe@PrasiViartiple 0feliigedOa vhereinghepfbrasivaiartic®lis a wbrtqderbrasive
t he tol

i cr SAge A e € oh b0t GHER o o3l Ryl and
t he dﬂbasa@lgmensgr@dlmseldave an aver age grain size at

| east about 0.1 micron. 94. The abrasive article of
claim 60, wherein the abrasive grains are selected

f r on?& hdhgyrabiapive eriisleseli plginoPS.svharein they peptgdnabrasive article is an
Zir C&l@in@ere@éﬂrﬁsﬁ%‘&ﬂ% B A6rasiwd érhlﬁé)ﬁblr@ drfah 'in a pattern.
boronnitride, alumna nitride, cofused al um na

zirconia, ceria, titaniumdiboride, boron carbide,

gar net , THdi 2BAeiel artiblel o blainP 9% Fdhere@i@le Badkmﬁﬁéjseﬂé%féﬂ §Rkn the group
95. The abrasive article of cI ai m 60 erein the

abr anyigiingaf papes, podymer fifme defh-1oitas Rply-cotten. dpyon, pelyastse poly-

C Oyl S, PelcahiRAElobaIvidandbd £k, 1eal €8] dndiadBhbmRNRQRrES,
bi nder and abrasi ve grains are disposed. 96. The

abrasive article of claim95, wherein the coated

aEF 898, VEheab#akio¢ &titls ofbla@Ngy, meﬂeﬁldhél&jllaﬁiaN@ni}b§1{ewllﬁier forms a
t he ahrasive grains bein rrange ern.

e AeaaryenBif Lo e Arheaing s SRt o backi ng

Is selected fromthe group conS| Sti ng of paper,

Bg: Y Str’l(‘el{ela %%ﬂve ar(t) f:le ‘of &o.tt I‘){vh re1 tpe CQI ?})m;%%ﬂe bi%dgr forms a
fi bedize mmfahneﬂowértbawraawegﬂmsnatl on ther eof. 98. The
abrasive article of claim95, wherein the coll oi dal

conposite binder forns a nake coat in which or on
whi cHW0t Abe alyeshei aviéclgetaiais Sarvhediisho selthidaD@mpphige binder forms a

abr ac%kn‘f) taft rc&lt glsﬁos,f% u&deralagérsg%mpwg%% ﬁjifeletaEiSe %ank oi d a'

conposi a’ sl ze'coa rmed
abraS|ve gralns. 100. The abrasive article of clalm

95, Mﬁ er ?lilen aﬁrgk?vecgti&lg io@ %ﬁailﬁ (H'@p%klteﬁl {ﬁla r}ﬂjﬁgivé Qft{¥k R a bonded

abrasive article.

102. An abrasive article comprising abrasive grains and a solution formed

nanocomposite binder.

103. The abrasive article of claim 102, wherein the solution formed nanocomposite

binder comprises about 5 wt% to about 80 wt% particulate filler.

104. The abrasive article of claim 102, wherein the solution formed nanocomposite

binder comprises polymer.

105. The abrasive article of claim 104, wherein the polymer comprises an ultraviolet

electromagnetic radiation curable constituent.



conpliant coat disposed under |ayers conprising the

abrasive grains. 101. The abrasive article of claim
woeQooowkeasei N t he abrasive article is a bonded abTas2006/002836

article. 102. An abrasive article conprising abrasive

gr ai n

103, 15, N PrdR Bl ALEELOAAAGEAIRE b Rel lian erony

sol wongiuebr ned nanoconposite bi nder conprises about 5

wt % to about 80 wt % particulate filler. 104. The

abrasive article of claim102, wherein the solution

f or i¥d. nEscbEsye fticke ofi dhaar! 04 ovtlareis dke prdymereqompligh an acrylic

The qhifsihye article of claim 104, wherein the pol yner

conprises an ultraviolet el ectromagnetic radiation

curabl e constituent.106. The abrasive article of claim

104, 108hermi Nabr &g PALIMBESE SIQIHP105EHheBine M@ XYolymer comprises an
constltgent 107. The abrasive article of claimi0

wher@PR/ARdIcseRsifeRt compri ses an acrylic constituent.
108. The abrasive article of claim 104, wherein the

pol yper _conpri.ses poxy/acrylic constjtuent. 109.
The Wy 28F gbrasive itifle of bl L “%%fzm i Hiio fprped nanocomposite

sol WindeAhdsQryeadg’s adaelaaosichst attuhsi®Mbas a Young' s
nodul us of at | east about 500 MPa. 110. The abrasi ve

article of claim 109, wherein the solution forned
n a n O]dOITﬁ?hS iabresitd ardele of alaina 09 vbéergiatthsvlition Hsre@E natocomposite

10, e Py Sengtiob ivrbA BV ABA FEHocomposi e bi nder

has an Rz Per f or mance not greater t han about 3 0. 112.

Theu]?!fl).r %‘e X&a&&dﬁt ér? ng of Llaﬁ% PdZ \\/ eorgl(tj\ tl\{\éhseoliu%on formed nanocomposite

sol i on anoconposite nprises
parﬂmuhtmmenﬁzE%ﬁ@nhmmumggBMmQMEmhgﬂ3®art|cIe si ze of
about 3 nmto about 200 nm 113. The abrasive article

of claim 112, wherein the average particle size is not
gr edtldr The ab;aq;m'tlclg of ¢laim 102, wherein the solution formed nanocomposite

binder comprises particulate filler having an average particle size of about 3 nm to

about 200 nm.

113. The abrasive article of claim 112, wherein the average particle size is not greater

than about 50 nm.

114. The abrasive article of claim 112, wherein the particulate filler has a particle
size distribution having a half-width not more than about twice the average particle

size of the particulate filler.

115. The abrasive article of claim 102, wherein the solution formed nanocomposite

binder comprises particulate filler that prior to curing is in colloidal suspension.

116. The abrasive article of claim 115, wherein the colloidal suspension is

substantially agglomerate free.

117.  The abrasive article of claim 116, wherein the colloidal suspension is

substantially mono-disperse.



114. The abrasive article of claim 112, wherein the

particulate filler has a particle size distribution
woaavierng3as hal f-wi dt h not nore than about tw cePCIS2006/002836

average particle size of the particulate fiIIer 115.

The rasive arti f cl A N
sol uﬁ?oﬂwﬁ %brr?rstle 1a11(1)1SI elr% éh\réha?%lglve [gralns have an average

par tdrain biad m)tgrehﬂeethatt hta)ut ]cSIOD oncrbrts. curing is in

col | oi dal suspension. 116. The abrasive article of
clai m 115, wherein the colloidal suspension is
subsltlantTlaI abyasa/ggdr@qiepétcbinﬁ rléb whetéin thehebragiveagrtidle is a coated
arti gl g.of le&lérﬁ cotfprisi B{&% g%L Qi HRUSARRD Ftmed
i s Substan Iy nono- di Sper s 8 rasive
artumh@mm@o%kéuﬂm&@@ﬂwwh@me¢mnmhaedﬁp%@dve grai ns have
an average grain size not greater than about 1500

m crons. 119. The abrasive article of claim2102,

wherl@0n Aheatipsives pifisleasanireisagi abragive ofiei8Y #iBragPpgosite binder
ar tighf r1s1f1éJ Hltﬁga?sred GATRELLES NG, the %‘ﬁ&‘sé@l%a?cﬁum @lr Bg‘@ng average
sol ut nanoconposi t e bi nder and the abrasive

gr ai m§lci?r %zed¢fs¢b95fe%j nml@@bO‘Ar?—OQ By and, e Paifigle sjzg distribution curve
co anhhé&th@ze@ By &A1Y Qi Rdt %&aﬁpﬁa@a%ﬁm%sttﬁe BleR@€ particle size.
conprising dispersed particulate filler, the dispersed
particulate filler having average partlcle si ze of

aboufy13 iR hiasROMtcIEAF dMina ), th@@[r{ thie! Espeisé® particulate filler
di stribution curve char act eri zed a hal f-w dth not

gr earoBprises a5uig sltoidally figpesse Iﬁé‘"“%\‘i}@? Ege spspepsitt e si ze.
121. The abrasive article of claim 120, wherein the
di spers rtjculate fille co IS cur ed
col 162d gﬂaef%aqsgsért o {)9}?‘{‘1 Pl ff g SRR ele filler is
122. subfisntialdy giovradd fréec| € of cI aim 120, wherein the
di spersed particulate filler is substantially
aggl onerate free. 123. The abrasive article of claim
122, IZ\BIh eﬂei dbrdstve adicpef deich 22 twhenginathe dispérkel partgculate filler is

subst s tq%@x % %lsperse 124. The abrasive article
of ﬁu??ﬂl ORREPRER t he bi nder conprises about 5 wt %

to about 80 mﬁ@bof the dispersed particulate filler.

125. 12];h %‘11990 a?tic‘filer &J c‘f’elilg 126, v&lle?eiirmhg' g&der%ﬁlbﬁéeg aBJH? 5 wt% to
bi nder " i's i on fornmed’nanoconposite.
about 80 wt% of the dispersed particulate filler.

125. The abrasive article of claim 120, wherein the binder is a solution formed

nanocomposite.
126. The abrasive article of claim 120, wherein the binder comprises a polymer.

127. The abrasive article of claim 126, wherein the polymer comprises an ultraviolet

electromagnetic radiation curable constituent.

128. The abrasive article of claim 126, wherein the polymer is selected from the

group consisting of epoxy polymer, arylic polymer, and a copolymer thereof.

129. The abrasive article of claim 120, wherein the binder has a Young’s modulus of

at least about 500 MPa.



126. The abrasive article of claim 120, wherein the

bi nder conprises a polyner. 127. The abrasive article
wohowloasass 126, wherein the pol ymer conprises aRCT/US2006/002836

ultraviolet electromagnetic radiation curable

constituent. 128.. Th brasive artjcl.e,of claim 126,
wherl@fnTheRbrasiye griiste q?é‘}l%g‘é ?ioe H Eﬁre’r“rdben}?l{lq?é Lﬁsra&fgongghon at break
conshkt bhg 16kt aepaxywepol ymer, arylic polyner, and a

copol ynmer thereof. 129. The abrasive article of claim
120, wherein the binder has a Young's nodul us of at

| eadi1.aB@auibrabiv afile . chdPrisifghe biather dsviug amRe iPetfermahceciod grenter

120,, wher ei he. hi nder .has_an el ongat i t . break
vaIﬁ%m€$m§?Q¥%ﬁEFggﬁgﬁ?“ﬁT%ﬁ%prgT?B%%eggglsF&e article
conprising a binder having an Rz Performance not

gr e%%?.r lthtc] aB agi%) lé}tic%' (9’ 1§illﬁe]§g,' Qﬁ%@inctgm{nhgf' 149 a%tock Removal
epoxy acryla{e copolynmer. 132. &"abr asive article of

cl aiBerfaddancedt dragiahoutBd gi nder has a St ock Renoval
Performance at |-east about 0.7 g. 133. The abrasive
article of claim131, wherein the binder conprises

par t1i33.ullhg abrdsive lagiclernd plaivgy | Hin wherein depbinsler equarisesspagticulgte filler

b i i Iy | i icle
a o%ay:gl% tgﬁncl%?af%g??ﬁr%leggg gF ]5%_0%{‘% %nﬁqg' Bt d0Pah bh& h&is Zarticl

di stri I on not nore than about™

t wi cézetdistribagion haydngomhalf-widgh nat zeore thgn abor Ewige thesveiage particle
artigle of claim 133, wherein the binder conprises 5
w%to 80 wt% of the particulate filler. 135. The
abrasive article of claim 133, wherein the particul ate

fillgy, ithe SHAStARERIOF Y120 193, WHSREY HE bind&CeordriB®t A, to 80
of forn1n§ an abrasive article, the nethod conprising:

pr oWt efghepagtislatsifdlsr- conposi te bi nder and abrasive
grains on a backing; and curing the coll oida

conpaosite binder. 137, The method of claim 136, . :
wherlgrn Thpabragyq %T‘%]%\ pt @@Wplc;’g‘ie WEerB‘fl r’il?fe‘?a“i‘cé‘mber %&r degyogigntially
a SigéhoChsvkrséli Sposed over the abrasive grains. 138.

The nmet hod of claim 136, wherein the colloida

conposite binder is provided as a nake coat in which

or aneWal mdihddheg fahiimgSin\abragivairtide, alicemethsixospdsing:

providing a colloidal composite binder and abrasive grains on a backing; and

curing the colloidal composite binder.

137. The method of claim 136, wherein the colloidal composite binder is provided as

a size coat disposed over the abrasive grains.

138. The method of claim 136, wherein the colloidal composite binder is provided as

a make coat in which or on which the abrasive grains are disposed.

139. The method of claim 136, wherein the colloidal composite binder is provided as

a compliant coat over which layers comprising the abrasive grains are disposed.

140. The method of claim 136, wherein providing is carried out by mixing abrasive
grains with the colloidal composite binder and coating the backing with the colloidal

composite binder and the abrasive grains.



139. The nethod of claim 136, wherein the coll oida

conposite binder is provided as a conpliant coat over
wohbwlhsbayer s conpri sing the abrasive grai ns aPeT/US2006/002836

di sposed. 140. The nethod of claim 136, wherein

provj di i s .carried m xi ng _abr asi ve aj-n .

b ¢l hncthe otk e s, sl e B e Gu P R pating the

backé¢otigidul ddmposies mlel on del backing) dslidved iyndetingathel ablagive grains

abragive grains.141. The nethod of claim 136, wherein

provirtdtHly is carried out by first coating the

col |l oi dal conposite binder on the backing, followed by

coatjpg-th B ' . w142 . T .

of ol A7 At GsSiAELR AR W AR o tfopa mTB R Bfher ang
conptbs alresive graiey onghelbackieg Hlpedgimed befoicosngpn t he

backing is perfornmed before curing. 143. The nethod of
claim 136, wherein curing the coll oidal conposite

bi nd&B. cdhpmicthed dxqiami hip, tihereioPurisigdhe cobeigd sqomposite binder
bi nd | Wl l.ati 14 claim
130, Ceres bt AU E Biposkinad AeackEl P B sy
conprises thermally curing the colloidal conposite

bi ndefs. S methodBSNQMmOI36f QYR citthePAE 33114818 dklpetif: binder
t he nethod conprising: coating a backing wth abrasive

gr ai $p5paisRs thermallbecupipgthe colipidapegapogitstind®bnpri si ng a

first binder; applying a size coat over the nake coat,
the sjze coat conprjsing a, second binder conprising
nano%@np%gpﬁﬁdﬁgﬁyﬁﬁgﬁn Hverticlfgthe msthod keMGIRE: and

the & £Baking I abkbite BRINGI QA Oakd adaf et RakeoRS Birfprising a
curg@g tnngake coat and the size coat conprises
expodPmy&t: | east one of the nmake coat and the size

coat appBirdCd ki Goat dtkirahd Make doAtl thel§12e &Mt BopraingCd fdchid binder
145, wherein curing the make coat and the size coat

conpPRESng RUORYMOSIERANMG 4 | east one of the nake

coat cuding tHe@iks b€ ariaBd sizeld®. The nmethod of claim 145,
wherein the first binder includes a second

nanoconposite polyner. 149. The nethod of claim 148,
wher Bi6n TlkemahodedopdSilLE wiekeprenrirgnite hivke se@tamd the size coat

nanoconposite pol ymer conprise a ompn NMDNONEr . . . o
comq)plses exposing ay least one of the maie coa? and the size coapt% actinic radiation.

147. The method of claim 145, wherein curing the make coat and the size coat

comprises thermally curing at least one of the make coat and the size coat.

148. The method of claim 145, wherein the first binder includes a second

nanocomposite polymer.

149. The method of claim 148, wherein the nanocomposite polymer and the second

nanocomposite polymer comprise a common monomer.

150. The method of claim 145, further comprising forming a compliant coat on the

backing under the make coat prior to coating the backing with the make coat.

151. A method of forming an abrasive article, the method comprising:

blending a nanocomposite epoxy precursor and acrylic precursor to form a binder;



150. The nethod of claim 145, further conprising
formng a conpliant coat on the backing under the make
woaQec/88ds®r t o coating the backing with the nmaReTas2106/002836
151. A nethod of formi ng an abrasive article, the
met hod conpri.sj ng: b] endi ng a nanoconposite epoxy
preéﬁ?@ﬁ%ggﬂﬂ“%E$VFP%%ﬁFecursor to forma binder;
applagplpBigb@sitd gidias toltke sabsutesindat e; appl yi ng abr asi ve
grains t L@ﬁ substrate; and curing the binder. 152.
The HEMHTE"BFcl ai m 151, wherein the substrate
agnpr!seshbacking. 353: The neghodszf gLain1151, f
erein e su a S : e 0
ol o e S ReRaPTiek b el SRRt St colifeTEAARG,
with the binder and wherein applying the binder and
appl gk n I ' ' ing the
b1 ndar IHIERERRBE 1o RALER GOTRMLRR 2RI "0 "1
155. The nethod of claim 151, wherein bl ending the
”a”Q%@.”pﬁé'IB&ho%PQP(é{ai@f BBULEQEIn AR by AGEMNE lafe blended with the
precursor conprises blending not greater than about )
?Oi Oome_ﬁ/@zgvb@r@nf@mgmé ;gbm ;}gﬁé @fﬂéxlag tfftfa@f@}ve rgiqslg%comprlse
0 Wt bifrfPhdihe ab t6BethBOftohe ol M ,
mhe?%??nglendﬁﬁg con%?isegg%leﬁgﬁng nék %reater t han
about 50 wt% acrylic precursor based on the total
bi ndes, ¢RNMEMbd ofldAm 15N evHIRINEhdR g thd RinBRchipasite¥pBksehrBeursor
blendlng t he nanoconposite e oxg precursor and the .
acr yAnfl cihe ragiylie Swecurser ﬁmﬂ%ﬁ’ﬁv i JObBEAGT AjFnngrout 90.0 wie
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nanoconposi t e epoxy precursor and the acrylic
" precursor based on the total binder content. 158. The
met higd. The mbBbddildhlm 194 6¥RIch BlIGRIINELYMbAsep bREUAS It greater than

conpri ses nanoconposite_acrylijc pr rsor,
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157. The method of claim 155, wherein blending the nanocomposite epoxy precursor
and the acrylic precursor further comprises blending not greater than about 20 wt%
polyol with the nanocomposite epoxy precursor and the acrylic precursor based on the

total binder content.

158. The method of claim 151, wherein the acylic precursor comprises

nanocomposite ' acrylic precursor.



