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processes using water-based cool ant systens, have been
found to be hanpered with shorter life of the abrasive
product as conpared with dry gﬂrnding appl i cations.

Thi s phenonenon typically has been addressed by

addition of sealant in the formul ati on of make resin

enpl oyed in the abrasive. Chem cals added to the make
resin to counteract the effect of water generally

i ncl ude hydr opiebROPHILEC UNES HIYTS OPRORESBLANE

hydr ophi bi CISURPACENOMRKE A BIINIOF ABIESARY JREghiGe the

i ntake of water, to retard swelling of the resin

system consequent to deterioration of nechanica

pr 8peTK GROUND G I pHEGNAFNBlonasi ve | oss. Exanpl es of

hydr ophobi ¢ nol ecul es typically are sil oxanes and

or gano- fwf Hh G |0p§1'ah&%?acﬁlﬁ%rb?gg@ﬁﬁfn?pr%&fs&r (S gty hidShased
"silanes") or other organic nolecul eS 't hat ﬁave

hy gedptispitemsdiage bes, fosut tv teshavipased witnstertealift ofuhd abrasive
or fluorine atons .i.n,the qrganic | ecyl.e., However,

| nBicgBFt R S PR b g danalens o ik BhorRRehoR bpipally hes
of b&uh AaRSsdAMy RIIQIRTS s8AAH R B IATIES HAQTe§RBMAMyed in
with water, thereby permtting water over extended use
peficafeasive. fhgmagads addedep tbmekt vesimptercobutiernst theteiffecttafavater

br asi . ' . . e
or B b bl Grot Db REEFRE: RiseBRTLRRORAAR fpo make
enmstyte dhashyaredoad tho intsiarofeas etosepAY Stdlimg of the fin system
abrasi ve and. make coat frgnythe backing material. In

onEPHEPIUEPhigtdetaIoTalianplimeehiniral panegicaraditp reffrd abgagivedoss.
by ERRRpIE Qﬂh}%r%%iﬂgg}@gﬁ@sa@;’cgiﬂeare 'E'Mgaffﬁﬁle%/ %@o%&ﬁ-hﬁlctional

silane at a’surface o asi've particle can cause
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acking material with water employed as a coolant can cause separation of the
abrasive and make coat from the backing material.
In one alternative, abrasive particles are first treated by applying a coating of
a silane. Hydrolysis of the silane at a surface of an abrasive particle can cause
formation of covalent bonds, particularly where the abrasive particle is a metal.

However, formation of a hydrophilic coating on grains can reduce the strength with
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least one member selected from the group consisting of aluminum oxide, silicon
25  carbide, fused ceramics, alloy abrasives, sol-gels, ceramic grains and super
abrasives.

In another specific embodiment, the coating of the abrasive particles includes
two layers, the first of which is most proximate to the abrasive particle and includes
at least one relatively hydrophilic silane component. The second layer is distal, and

30  generally applied over the first layer. The second layer includes at least one silane

component that is hydrophobic relative to the silane component of the first layer.
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silane component of the film is believed to effectively seep into most types of

abrasive particles, thereby facilitating wetting of the component with a sealant that

25  includes the relatively hydrophilic silane component. In addition, it is believed that
the same film forms covalent bonds that bind the sealant tightly to the particle. In
addition, the relative hydrophobic silane component of the film can either be
blended with the relatively hydrophilic silane component or applied as a separate
film that binds tightly to most make coat resins, particularly those that include a

30 hydrophobic silane component apart from that of the film of the abrasive grain. Asa
result, the film of the abrasive grain does not separate easily from either the particle

or from the make coat upon exposure to water, thereby significantly reducing
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FIG. 4A is a table of comparative test results obtained at 50 1bs as a Loesser

20 centerless grinder employing an embodiment of the invention.
FI1G. 4B is a plot of MRR presented in the table of FIG. 4A.
FIG. 4C is a plot of surface finish, Ra, presented in the table of FIG. 4A.
FIG. 4D is a plot of abrasive loss (%) presented in the table of FIG. 4A.

FIG. 5A is a table summarizing the results presented in the tables of FIGS.
25 3A-4A.

FI1G. 5B is a histograph of the results presented in FIG. 5A.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The f oregoi ng
w Il be apparent fromthe foll ow ng nore particul ar

waoeleweneys4 on of exanpl ed enbodi nents of the i nRERUB2INY/040797

as illustrated by the acconpaned draw ngs in which
i ke reference characters refer to the sane parts
t hroughout the different views The draw ngs are not

necessafilGyé6 tsa goadgaphn ftthe enphiisicst dMbd Baentei 4@ that of the
placed on illustrated embodinents of the present

i nvent i SAMPERBYS PROSRGLCHIPIQGEH & aFnetating tog ﬁe@dﬁ@dtstqf the tables
sur f aceppmgiitd eIy 8 nent o coat ed
abraS|ve products andib%lﬁd{ggag%?gs?&vglaproducts
enplfglyc&%atjhe surfacenodi fied abrasive grains. The

sulk PESERIRBIAS OFeT IgE ANWENGIOdhe i nvent i on

i ncl ude an abrasive grain substrate and a filmon the

Sabr asi véhgieregoingatll beeppades fran the &Miomhgnmydpmpbuibﬂ C

15

si l,ane. ne d.arelati droph ic silane
cofEn AP BERE S Rt S ol B rrekatn Ba T M taie g

of atmigipagiet Reavsiy FJ pcererliké RdralicashMmee RS0 B ke parts
i nvention, as we as to coated and bonded abraS|ve

pr duoezheubths difjacens vigves. smefda@\emgwegnoeuecab&aa@ tpescale, with
Elgxggam%‘iggtg%o\?% péglggidt I 111];1 k%@ag?rﬁ'?/odﬁu rla)tn%f ﬁﬁéar?sgpw]uventmn

t e: ren| Iag g lf(’ﬁfé%‘gr Oﬁji) hHuly(l: 15%@&130 g}? Péﬁs%ératslggtgrams and

ol kpemesd abfaspel pto®licts i HoBdal M&Mrb@ucﬁ@@ﬁﬁlb&ﬂ% thdurface-
of an oll%omsr or polgﬁrger that exhibits nore affinity

f omagéftedradbrasivg eavias Bhotuniee-mordirdrabrasiviegoaing obthe invention

po r| SI| onen
R SRS 09 SRS ) RSP OB b e

beﬁlat&&l‘gblh}rd@@bhllﬁxﬁmﬁb esmpdnenehrald z\éﬁitlyelmlﬂ/ﬂﬁﬁfhbbicq,llane

sil ane co nents jn¢lude am no sil anes,

si PARREN] r Hiedgvaitiogdealso fig%%ﬂatﬂ.r%etmq%&akn&qhﬁﬁwéace-
si hrAgRdaBhsRR! &?5195 st t'h@ ntlc)?‘PgHvEl}gs RN deﬁnd%fonded abrasive

particularly sditable relativel I c silane
coprsdnetsemployoigustie s@faei mmbﬁcrbgbramvaegrhmx yausli th ameghods of making

':I%'r ?n% ﬁ%ﬁ%%‘% | r%nlg @%(CV &Aéﬁ?ngproc?uc%s[ tgfsthe invention.
3- Ani
Ami nogf%ﬁ/%n{’@: E%}getg}}ezx E%ﬁlgglﬁr%ﬂgme component,” as that term is defined

20 3- A RO RSV sﬂﬁh@)ﬂo@b%; %ﬂ?éfrﬁérl &rb%iymer or to a monomeric repeating

25

30

Am noet hyl am nopr opyl t ri’'met hoxysi'l ane,
Anbnipef h‘yd)lmnm pr polyeer ihet hdulymman@fﬁmty for water than does

mgg 4 %%Tﬁbe?,o F%lf ﬁ%@i‘?’% g?:terﬁga nsgl rhgn%%ie%l slllrclgee corXponent
with which the relatively hydrophilic silane component has been combined.
Examples of relatively hydrophilic silane components include amino silanes, amino
silanes, ureido silanes, isocyante silanes, oximino silanes and chloro silanes.
Specific examples of particularly suitable relatively hydrophilic silane components
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Triethoxysilyl)Propyl]Amine, 3-Aminopropyltrimethoxysilane, 3-
Aminopropylmethyldiethoxysilane, 3-Aminopropyimethyldimethoxysilane,
Aminoethylaminopropyltrimethoxysilane, Aminoethylaminopropyltriethoxysilane,

Aminoethylaminopropylmethyldimethoxysilane,
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embodiment, the ratio is in a range of between about 1:9 and about 9:1.

The weight ratio of film to abrasive particle in a coated abrasive particle of
the invention typically is in a range between about 1:8000 and about 1:400. Ina
preferred embodiment the weight ratio is between about 1:6000 and about 1:300. In
an even more preferred embodiment, the weight ratio is in a range of between about
1:4000 and about 1:200.
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goﬂ%rg)%ﬁﬁluﬁ (iegﬂ X breé gre%g? \}S&g%ﬁ“p |1§?ﬁr}§r§a rﬁlﬁd January
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The abrasive materials can be oriented or can be applied to the substrate
without orientation (i.e., randomly), depending upon the particular desired properties
25  of the coated abrasive tools. In choosing an appropriate abrasive material,
characteristics, such as size, hardness, compatibility with workpieces and heat
conductivity, are generally considered. Abrasive particle materials useful in the
invention typically have a particle size ranging from about 10 nanometers (nm) to
about 6 millimeters (mm), such as from about 100 nm to about 3 mm, or from about

30 1 micron (u) to about 600u.
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| nof thdé'ﬂmanrédmmnatt:iyl inclhdgserrejatioyly tpidmphaobic hidargroaponent as
articl inclu nl.y..,or predomn
P e phedsoic, MR el PiRodlid sieRe sRpBRER T aSodisfLigt sutace:
r ehddifi@tivn By &K SRBOW Sarfitlk 3B LRIHPOES ﬂh@idroﬁhﬂk@ﬁlﬁﬁb coRiponent
distal filmlayer of the filmpredomnately includes a

r esignificenty grheeghotatilityiaf sheepagiinlp anbproviles 6;?5%@831@6&”‘3‘
th |.at

20, Do A SR A TR Rhald v gain s
pair ugel ¢t iwiftidthed beledvet ithes) typlhazltyr thzhiclaiieels ihlydwophilic silane

conmponent significantly increases wetabi
paﬁ@lﬂ&@l@enaw&?ﬁmﬂ reladivalybugh properagp Og 4%? %&&Iﬂé’r’%‘?@
gg Pg@%:\?g %a?%laf b@?g‘@t 1110 8lso SERIVRY that B r§l'df1ffél9 fyaRghbii€lane
component will bind tightly both with the relatively hydrophilic silane component
25  and with materials generally employed as make coats of coated abrasive products

and with bond materials of bonded abrasive products.

In one embodiment, a method of forming a surface-modified abrasive grain
of the invention includes combining relatively hydrophobic and relatively
hydrophilic silane components to form a mixture. The mixture is combined with a

30  solvent to form a silane solution. Examples of suitable solvents include isopropyl
alcohol, ethanol, methanol, toluene, acetone, water and mixtures thereof. The

amount of solvent employed is at least sufficient to dissolve the silane components.
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25  methacryloxypropyltrimethoxy silane and a weight ratio of the two is about 1:1. In
this preferred embodiment, the abrasive grain is a seeded-gel ceramic grain or
powder, having a mean particle diameter of about 100 microns. The weight ratio of
silane component to weight of abrasive particles is about 1:1000. The solvent is
isopropy! alcohol and the pH is adjusted to a range of about 3-7 with glacial acetic

30  acid. The surface-modified abrasive particles of this embodiment are cured at a

temperature of a about 80°C for a period of time of about 3 hours.



about 24 hours. In another enbodi nent, the
surface-nodified grain is cured at a tenperature of

W@t 2880C for about 3 hours, and in still anPE€HEs2009/040797

10

20 ©

25

30

enbodi nent, the surface-noditilegd grain is cured at a
tenperature of about 1000C for about 1.5 hours In

anot her enbodi nent, the surface-nodified grain is
cured aln amothenpbaditeet, dfe iatxmtibn M&ﬁtéﬂbrﬁbﬁ)ﬁro&&t An

m nut e;f r at about 300 Céﬁog about 15 m nutes,

pr&PEIEY % a?’éémve&r @i 1B ivePyomisshownin FiG. ' & shown
Si fhafe, G@ﬂ&?ﬂ?rﬁ!iwé Eroauctalw13&9{6@%&15%&%@9@’ Eke{ €y of suitable
b5 Loy bt ko, Eal B efon, avirae

nme B0 nargo irghér. o)

of t e,t .S abgut 1:1. In IS P ferred enbodi

t hX1tOggH S {;xélofvgﬁhor- \gﬂ@t}ééﬂé&bﬂ/fﬁ)@' t;lf/gﬁnémo&cxé pdeclgagackmgless
POAMIRSives RAW 1 v IHRA arD AWk bt @Ia aﬁ%aaﬁn@fayabpyfs 388 of a

m crons. The weight ratio of silane conponént

wesugfnble ataterial auich s praylid, ohelicsetabais kmawmmthem Surface-
Soljn&? riaited a rah%g g, d?lg?y Jf cﬁlt{{% I'llnv nt%rl]ld rft: Qx%b?cﬂedsfn %d K3} §<i|4t ©oated

a range o ac:la acetl Cc acl

S uarbfr@sﬁ:@: ;msdim‘t 10 daplshAlR, marut:le alseabdd sikdtsat es‘taad lsﬂﬁﬁhze
are cured at a tenperature of a about 800C for a
petorbl.3f isknevioin tay¥lit 3 hours. I n anot her enmbodi ment
the invention is a coated abrasive product. An exanple

of a cdatasel sk bondedapyvuprodudts ehidieiitvzaron ean eRsios rther

nEl'u?f oré‘eesﬁggieﬂa:aﬁgw%gs{é& %ﬁil?e%’gtcﬁ%l%? %?ﬁtge‘h er%%b%cants

b&mkfaﬁtgnﬂsﬁylgmﬁnﬂsm:}}e@ dectind yeatserinding hids, anpidoydiag hgents, anti-
rayon, and g per/with or wthout B éfuratl 3{_} wth or
vv| HaiARBE @RE PYIPPRTiBH ABANES. /IR GRS DY M5pbd F?)‘BB%IeHb‘ihat can

l%k%la éd‘ﬁﬁ%h@ﬁwb&dﬁﬂﬁ%désf& &PSit@hhd %l%? oﬁ@ﬁl%nﬁ%ér $lected

I ng ayer or ned a sulta mat er1 al
s ufrbmalse grony cousistipgefie hexafluetaphpsphgtel 8 hioradlmordferrathe
art Eurfacermdl fi,ed abrasive i NS

1
R AR AP St IR T DR oo NIy, Examples of

ablﬁe&%ﬁn\i&o@lﬁd&ﬁldﬁ%s EUECHPE IRl @R onihMGali §aN 13y )PF,), alkali
suitabl e size coat 18 and supersize coat 20, as is

knmmal salis (e, laiPFs, Ned&e.ePRonbisonefed 2abplislineegsihguglelsgits

o RS CHP LRI OHA BRI L A ey,
f i dremsniuhidid odhing salis Llsruf:ﬂe$ aﬁﬂ@Na@Iﬁ)}Eﬂhmpnﬂmemd potassium
A SRk PoUIORER dimer SurE B ap A U RS SO QTR PPl etc).
o8P g S ERIRIAA, LSRRIt
mefNePF ¢ saildgotassium hexaﬂuorophosphate (KPFg), and combinations thereof.
Examples of hexafluoroferrates (salts of FeFg”) include ammonium salt
((NHy)sFeFe), alkali metal salis (e.g, LisFeFg, NajFeFs, KsFeFg, CsaFeFg, ete.) and
alkaline earth metal salts (e.g., Mgs(FeFq)y, Caa(FeFg), Sra(FeFe),, Baa(FeFe)a, etc.),
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CaKFeFg, etc.). Specific examples of hexafluoroferrates include ammonium
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W0 2awaL93ebr oborate ((NRi)BF ). Exanpl es of PCT/US2009/040797
hexaf t uor ophosphates (salts ofl3PF(l ) include ammoni um
salt ((NUL1)PF ), alkali nmetal salts (e.g, LiPF 6,
NaPF 6, KPF6, CsPF 6, etc.) and al kaline earth netal

S&illd}ﬁﬂ(l@‘o@:rratd\@NBE);BéI%) alﬁbz(ll?ﬁemeﬁl h&HaflabrofdratBaeidh 48)s8dium
etc I ts t her eof monj um and

el S h

solwaﬂv%ra etr@te ‘ébﬁlé}(‘ﬁlﬁ‘é)a poro (Kb Belcnd
Bgt%cg!zliibﬂl:}[rﬁnga ethzbf fg% pl@§ of\llawi?g@rgﬁéonat& ?&'lt%%? ?ﬂﬂé mciude
exanmbe&rmiaitt{éb&ﬁﬁ)b/ oy, @lrkhknsmltﬂismlss (lerpc Luyder ﬁsb}dﬁz.rﬂs ngl Fs,

h fl d -, , .
5 hexSitfljof! 83 ‘iﬂﬂ‘é e {a%ﬁns&laﬁaﬁ @&%@Z{ FeotraZifioeS defs, BaZit,
EX&ST)?'aﬁé nﬁiechs?a&@metf@ﬁ o §r mhﬁﬁuﬁ@éﬂd §odg£§ﬁtsﬁs&h)as

i ncl ide anmmoni um sal t ,alalmaa
saiNKs)NeZyy, m@ﬁmﬁn@nd m@agsﬁ@ sak3 FSeGh as (CHBHGE s, sdiany and

g%tt%le}ky%yagt% s%% @gﬁgﬁ gt%éé?g%%?ﬁx r?h{Jtle% Ffenexaﬂli]ﬁroard:onates
saintmdé baneaiurg ﬁe@ﬂ,uommdwm(ﬁm)zgﬂm wid sRAlE fetasuch
as (NH )Na FeFe and (NFLO2NaFeFe, ammoni um and .

10 porexeligrprisness, sypl s weiynpeNafupezEcong (Ve rigrarpotassium
MR ALATELATE Shd S BRSSP TR Do,
c adtdeashoeend’ tho hasshwormpbedphate, thel béx adlsiotdétFaé and teec. ) .

Speci {_ll c exanpl es of hexafl uqgroferrates i

RS ITUARERSAPRiSS BF EMPSREM 40 oF SO B idl'aﬁa S ot specific

ms&ﬁ% cﬁ'ﬁéﬂf h)'t%q{e%fﬁfo&@ﬁh%%ha&q@ An@sort@fl hefluorophosphate, the
exa? uoroferrate (Na F ) and potassium

15 heleadltuaobfreate atsem@m@@eﬁﬂgoro&rratec@mﬁhn aexashwraziisprasg is sodium

of hexaf.l uor ozj,r conates (,sal _ [P
R B et T 4P P Al iy o Hlef edmpanent
( eingludkd A4édst ond\Nachbér seleKt%ZlﬁEﬁ‘a th@%l’&[ftﬁm@itsﬁng oBartimonium
al kaline earth metal salts

ZrE 6
Sr IE@Eg nomalmspBate etogium h%m&uwieé@l% éP@*&mt h?éﬁ’gg?fg%lécoﬁaw and
any ﬂ&onnm afid oggpat%allﬁ g?t a%Hﬁ‘lla cﬂdﬂ@(ﬂ\% Iﬁent the filler

anmoni um and pot assium s
20 soebm;mrantﬁnpluﬂasaum @l membesueilactaé fidaKthe lgrqupeqooynstmg of

Specific e Ies of hexaf |l uorpzi neon te de
OO BRaT 1 (9P B R R 7 (i COPReTS e SRR

eh &l 106584t dHRf0 2h YEONRIIRS 'ss:pe%liﬁrblﬂ%d%ﬁ%tuﬂﬁb filler component

hexaf | uorozi rconate (Na2Zzr and pot assi um

hewafidepatdedst omm@bmezacted)fromm g;@wmtsna& gf sodium
t hﬁ %uorolzxrcona%éo e% s%dlumeﬂaﬂuggpeﬁate.

25 As used herein, a "cryolite” means a salt of aluminum hexafluoride (AIF63'),

such as an alkali metal salt, an alkaline earth metal salt, or an ammonium salt, or a
combination thereof. Examples of cryolites include lithium aluminum hexafluoride
(LisAlF¢), sodium aluminum hexafluoride (Na3AlFs), potassium aluminum
hexafluoride (K3AlFg), ammonium aluminum hexafluoride ((NH4);AlF¢), sodium
30  ammonium hexafluoride (e.g., K(INHs)AlFs or K2(NH2)AIFs), potassium
ammonium aluminum hexafiuoride (e.g., Na(NHa)2AlF¢ or Nay(NH4)AIFe), sodium

potassium ammonium hexafluoride (i.e., NaK(NHg)AIF), lithium ammonium



at | east one of the hexafl uorophosphate, the
hexafl uoroferrate and the hexafl uorozirconate i s an
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speci fic enbodi nent, the hexaflhuor ophosphate is

amoni um hexaf | uor ophosphate, the hexafluoroferrate is

sodi um hexaf |l uoroferrate, and the hexafl uorozirconate

| salsofiunrheesfabtide (cog iLi QAT L iy@IHAAIRJ)etc. SRk Epetific
nponent includes at | east one

enbo nt e filler co

?J}e@e% échamfa.lwwé’eg@%{%lde &NaiAdE DAyemployphand errplite.
he |
hel‘?é R e R A AT X! e Rl BeonSibi e
y eancbatouh®l wﬂéemchlas beimaexdnbmnnﬂ withandf abolieds Wt%plmmemn about

om0 s e U P BB O phSEE eGPt the

hexabhiQF flfeQ:'H]cﬂYt@ .samq r§r§§i‘ Hém&%%ht@wz lhh§ IR B0 v, or
yet another specific enbodinent, the filler conponent

| nbgtwdersabmut P avkt andwéonteiiﬁm"/h géiheé'tlledcxﬁmmnenhe group
consi sting of sodi um hexafl uorozirconate and sodi um
hexaf | ubrabérer amdodiAsny skediilhe cemponst that yaol e @hplopgaina the
a salt. of m hexaf | or|

o BT RS e dnacie necutd fmias stowegopss e
anpBRfUGRoSRHate, allex A1 PSHHoGHat Ot NREERhoro BXRMRIeE Suftfble
cryolites include |ithiumalum num hexafl uoride (Li

Al Fxamplesoificluding particulancrexales.cdthaleexafaonforragy, the

o BRI R JE TR Aol e b ATABR g one
hesprtifid@inbddiment Oat leak MobY tiRy H%x@ﬂudﬁafeuial&)aﬁldﬁh@)

pot assi um ammoni um al um num hexafl uoride (e Na( NH

4) hexafigorgziregpatengyay AIHF’O}“%&E? [0k Ppodaes faiim Iar'f%ﬁﬁmﬂwﬁc

he (

eI rel IS pomBHERUICAUES T 1bas phd ey gelecisd from the

Li Q(ohbm:dﬁdxﬁng of ethexaflluorafoeats pad i hexafewhodiconsnt., Insmdiham

af l uori (Na3AILF ). i.s.e a

o JoF e Enerty e il Glmonen: lg»civéesgfpkgér&m.%mﬁw selected

arrﬁamtthé Ero%p BRERIR ofREdIVBaR x ADRIb feAalttaHe abdiuabout 98
wt % such as between about 2 wt % and about 65 wm %

beh%@ﬂﬁomwmnam Vi 19% mb!a@m@vms@ the the h@ﬂdﬂlﬁ@fﬁrrﬂﬂeethe

E%aﬂ?%ropgospﬁglg apxg 6 he Ka tl\l/()\é‘é%l‘ a {l}% tcax%@e\?\fr%ﬁggd 1r€éle irn/%nnon
? |O| Y\Ie(r)/o {{loarﬁjgeltgme%oglment tﬁe exa %gt%ﬁ:arlbae thez}(x)ex%uorophospﬁate

and the hexafluorozirconate, disclosed herein, is each indpendently present in a

range of between about 2 wt% and about 100 wt% of the filler component, such as
between about 2 wi% and about 98 wi%, between about 35 wt% and about 98 wt%
or between about 50 wi% and about 98 wt%, of the filler component. Alternatively,
in an embodiment further employing a cryolite, the hexafluoroferrate, the
hexafluorophosphate and the hexafluorozirconate is each indpendently present in a
range of between about 2 wi% and about 98 wt% of the filler component, such as
between about 35 wt% and about 98 wi% or between about 50 wt% and about 98

wit%, of the filler component.



In anot her enbodi nent, the filler conponent that can
be enployed in the invention includes at |east one
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hexaf | uoroferrate, a hexafl uorigphosphate and a

hexaf | uor ozirconate. Suitable exanples, including
particul ar exanples, of the hexafluoroferrate, the
hexaf | ubr aphies phat fc antbdimentéxdllled osapsrcaonthe iarcati@sis

descri bed above. ,In one_specifjc enbodi nent, at | east
onBresent dihan ﬁgg{\gfqlr&elreg*gé,ble' &8N 3ek Oypwt¥s and about 50 wi%, between

hex@fut Y9 %R% 4 HuBBLESJ | '°/§,%¢%\E%EB3%HE@ (ﬁ?k«ft”ﬁeodﬁlfg@ﬁbﬁfhdidjm"/ﬁ, or
salt. I'n another specific enpbodinent, the tiller
cohgiweemtbaun ¢ wd¥sandtabbeta whef tisnbeightse] the tledsif-e component.
the group consisting of a hexafluoroferrate and a

hexaf | ubr @mg @obatientk,thaféth@mmppeaiif incopahnet i bond
the filler_ conponent includes at |east one nenber
s eFUBPYN o5 APTARC BFSlF'S cOIRE AS §9a! AFasiescaradcts and bonded

he : a i i:.Leonate.
M%Fgﬁl%fdﬁ&é. frg? ettﬁﬂje&t b tm%%au@%%ﬁ&&. @{rﬁ' suftie bond

suita anount exafl uoroferrate, e
herxafdrabkmpirosghate canbe tded fwetkabinder. oierbindtcen baan berganic

| qyed in the jnyentjon. | i fi di.ment ,
© nE R P GRS Te b PAfo, o B BPRL o] pbe BRACE 1A ide e
heyrile Fzs! £Q7aicaesifld, polyaard alﬁ@l’itﬂ&,@Fo*ﬁregﬁ‘i@,rbhenolic resins,
e

i ndpendently present in a range of between about 2 w %
antreatfoumalddiydophensiic résenst pmireplagionponeit medpine-fymaldehyde

be n_about .2 W % .and.a 9 9 .

ot SRRty R e SR Ballolls 2GR RO ifruce
9%&%%, dafch]]cirh fbxadel tiey, siiltlﬁp:&ﬁ@ﬂ:&iunﬁbplti_&f, rad icﬁmbmaﬁbms thereof.
enbodi. gent rther, enploying a cryolite, the

hex BTl ¢St suitaie InoEsaq mﬁ%ﬁ%ﬁﬂ@ﬂ@ Hhld- Ratent Nos.
he for-d i i . tc dn .
i H sl R R Rl R G N el R S
fi BJ7gt,7¢6npenBeH8; asditi9hs7hahaerdine tachitg 3 aht 9h velrich are

about 98 % or ,bet ween ahout. 50 % an ou 8 %
o ehworattd bl RbiEe Pt Rofer G SRR i the Bond
embo bR cantieechbidn &@e@ﬁ@@ﬁtﬁma@éamfa@pﬁ@w@ﬁ@g@ﬂthwond
present in an anount in a range between about 0.5 wt%
andompanent, 5or apanwpld; singe ehatipvva produsit gaddercoatsupieang the
V\Ai{ abeot yween tabout 0.5 W % and about 20 wt% or

be %\%e?} 06T 10 wt % and about 20 wt% of the wei ght

of the gbrasjive co nt. .l n sone,enbodi nents the . .
filler Aomianemetalotlatnonpas SelFd Fisdvs B sl inygntion
f ofncARIea8bMBI OBt S moBHRA aBfasie 2rafs Sfthaiivéation with a resin
products and bonded ) . '
that will become the make coat. The combined surface-modified abrasive grains and
resin are applied to the backing, and the resin is then cured by a suitable method,
such as by radiation, thermal, microwave, RF polymerization, individually or in any

combination, as is known in the art.

In another embodiment, the invention is bonded abrasive product, such as
bonded wheel 22, shown in FIG, 2. Wheel 22 includes a bond component and an
abrasive grain component of the invention that includes an abrasive grain, and a film
over the abrasive grain, wherein the coating includes a relatively hydrophobic silane

component and a relatively hydrophilic silane component. A method of fabricating



abrasi ve products. The bond conponent al so includes a
bi nder. Any suitable bond material known in the art

wQamoh3ssed for the binder. The bi nder can bePGRUS2009/040797
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i norgani ¢ bi nder or an organi.ggbi nder. Suitable
exanpl es of organic binders include hide glue,
urethane resins, acrylate resins, polyvinyl alcohols,

epoKdhde sbrasive phﬁlﬂ@d 4fGhé BSEftfon lﬂéla@esfaqreﬁalo@ aRyeléus glass bond
phenol i ¢ resins, am noplast resins and

weaéwﬁ Wb £ Sinsr. ddsyaesnresipaynd wreoldeshen feampdindo the desired
t hs%l ﬁ@gnd s%lﬂké %Q%tgaﬁ é%i %; orl fﬂ?& g)arl%%t‘ﬁ FH tﬂg?’ngl gproduct

&1 umoxi nesi um
OXIde

i nat s th eof exa
sui tabl 8 SQ‘H&PB i Shhhehe ﬁ@ew&aem? :'+H’I‘3Fﬁ R Earliine o
Noguttirfy thé JotOficcd, PRBmedhéd il @S 1RS%p & a?éfim?@t% »the work piece
5, 401, 284 5, 095, 665; 5,536,283; 5,7
5 BEBOE: prafudt 8T tenenpion thainshudes @pﬁlé'a@hli?ﬁb%mbbm@ﬁlqﬂ of
or 5
o 1k PP RO BB T AR ST Eany e
beerﬁlblegahndl&pmldﬂoﬁ @mp‘@nemafpﬂe @u kakerapphied abiaieprodikt or a
the bond conponent for exanple, types of abrasive
pr%ﬁ@&@%‘ﬁﬁﬁ?ﬁﬁ)éﬁats enpl oyi ng the bond conponent. A
sui tabl e met hod of fabricating a coated abrasive
pr Befuletlowingtaxamples i ieareseiativgdaly. eadrbpiniggded to be limiting.
Suﬁk@ﬁﬁ’qﬁﬂf&iﬁﬁﬁabras've grains of the invention with
at " w

a resi n becone the make coat. The conbi ned
surface-nodi,fied abrasive grains and resin are applied

to them%, and the resin is then cured by a

sui t abl ehaelibathe @uednasts Biérd @dd &r tedprepMatioRb[ the silane treated
m crowave, RF polynerization, individually or in any
cogfBihat i on, as is known in the art. In another

enbodi nment , | nv%Qéygpsqgaecp&n%g%@m@sgr pr oduct

such as bond'ed eel

i ncludes a bonc\-¢pnEpment yanehaiyloRySpyeigethbRy sxlane
component of the invention that includes an abrasive

grain, and a® fiA-id @slane e 3stiaenropylicthaxy sipes ei n t he
coating includes a relatively hydrophobic sil ane
conponent and ®Irnedtati vely hydrophilic sil ane
conponent. A met hod of fatirl cati nga bonded abrasive
product of the [$9H AlsAM!ncl udes a resin or a

vitreo o%ﬁéf&%n%ék&mewo?gm%bl nder. The green
compound 1s nolded or forned irnto the desired shape

and subsgeq 5 1
T S L e L
i nihe prdparation ot dteslane st (2) migingnditimgprepared silane solution with

the abrasive grain and blending the mix, and (3) curing the subsequent silane treated

grain at elevated temperature.
Step 1. The recipe for preparing the silane solution was as follows:

The silane solution was prepared by starting out with measuring 5.68 grams
of the y-methacryloxypropyltrimethoxy silane and 5.68 grams of the 3-
aminopropyltriethoxy silane. The two silanes were mixed using a magnetic stirrer.
To this mixture 101.25 grams of isopropyl alcohol was added with continued

agitation of the mix. Once the silane mixtures was dispersed in the isopropyl



cutting the work piece. The nethod includes the step
of applying to the work piece an abrasive product of

W@ baoiiepsent i on that i ncludes a polynerized conbCHES20091040797
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of relatively hydrophilic andihydrophobic silane
conponents. The abrasive product enployed in the
nmet hod can, for exanple, be either a coated abrasive

praeiiet, 10r35arpander wisrasds\wad@ db€ nix ThRclad bt 208 was
exanpl es are representative only, and not intended to

beaddpdhria thaguix tocatamn p PRS- Ot splueon wik keff widepogitagon for 3-
co : he.: - the preparation of the siiane
trgg@ggﬁ)g?]ﬁﬁ):l%dg@ﬁ%g%@gd was seeded sol -gel alum na
grain A 1,74 silane.-.> g-nethacryl.gxypr | trimethoxy ..
o Fane S0 1 TodufiG e S8R R EX R oI bR rEed in
sidt@ne D water |sopropyl alcohol Procedure for

silane treatnent of grain: The silane treatnent of the

abrasi Vigyr Gedlifly iH2GbHARA otdih Q8hIhERBine BANBLY plebirell REStep 1, a
preparation of the silane solution, (2) mxing of the

préddanddr with anentsuslifiribonwag ededt hbe dbblasdarevagreddad g 9090.91

bl endi ng t he, m.x, (3) curing.the. sequent .sil ane, ..
CrEA0L R tr By S PLihrdth f ShisPab DA B BB oM Brusion
I girbfeed @ISWF €Paht BilarkReasPulndBe 18O tHet V- Ofendasatasound 5-7
follows: The silane solution was prepared by starting,
ouilliliters nep BunywiE ﬁ\éulg _tl@ngqlealﬁlﬁr Was @thand turning.” Once all the Stlane
g- - R I ' - I

or SPGB QBN hid BEAGed 3R Piercl b yos
wedl Bwedxe tleud iim thedV g et locasither 1 8+20 Moutdsi Fheicsmtenteof the V-

101 .25 gra of isopro | cohol , was added wi t
cei e R BB AGH - EHLE O C g St 3.
m xtures was di spersed in thg i sopropyl al cohol, 11.35
gr am of Step dndtEMeiasSiHaa #e2EHEPHE ni x. d acial acetic

acid was added to the mx to attain a pH of 5 6 and .
t he sol Thd Brblewdsd jsegded gplggspin ypssapseapentiyreusd in agyprsat 80°C

f For E%%lrn%ltg ‘?);()Sdugg tl}tet}ﬁla?gila?lg freated grain used for preparing the make resin

slurry and in the electrostatic grain projection.
Example of using silane treated grain:

Formulation #1 Recipe:

Component Supplier Wt. Percentage, %
Bisphenol-A epoxy diacrylate with 40% | Cytec 38.73%
TMPTA (Trimethylolpropane triacrylate)

Acidic acrylate oligomer (CN-147 from Sartomer, Cytec 2.17%
Cytec)

Defoamer BYK A501 (polysiloxane- BYK 0.1%
based)

2-Hydroxy-2-methyl-1-phenyl-propanone | Cytec, Lamberti, Ciba | 1%

Bis (2,4,6- Ciba 1%
trimethylbenzoyl)phenylphosphine oxide

Calcium silicate NYCO 35%
Seeded-Gel Grain P150 grit (treated or Saint-Gobain 22%
untreated)




Step 2. Treatnent of the abrasive grain with the
silane solution prepared in step For treating the

W@Ri0ga29s84 grain with the silane solution prepaP@iUB1009/040797
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Step 1, a V-blender with an ingensif er bar was used.

The V-bl ender was | oaded with 9090.91 grans of seeded

gel SG P150 grain to correspond with the anmount of

si Theamisiog uastowctjphe pareds folloStep 1. The sil ane was

punped into the V-blender at around 5-7 milliliters

per m nut ewddttibhetidlen Ypdhiyaligtey1ataasitlon9a P UAhREre to mix

Once all thgesilane solution prepared in Step 1 had

been puppedidi Ride Ad1al dHeBRULhndct AgidHoRt Ur e was

al | owedat%gal nlmprt \% ug % 1t porn anot her 15-20
7c

m nut es r ,_ -neh'fl- > hcn ndi e t en Laken

out of v )ﬁ’r ok B ﬁﬁe W%QW 1
Step 3, oa rfdb ﬁlms ¥EONR OfPARR O )¢ a&fu y
seeded eI was subsequently cured in an oven at
800C f ?%ﬂb‘toéﬁﬁ)r Mayéanippes.fi nal sil ane treated
grain u’éed\dfd@ralpr dpiaripiny miwtasake resin slurry and in

t hBelé peeptaraitrat i ¢ grai n projection. Exanpl e of using
silane treated grain: Fornmul ati on #1 Reci pe: The m xi ng

I nst r ucEh@nsraesteagnge etk h@vSprefareddd ebiphenhe fAlegay yeps:
diacrylate wth 4@(’,@11-5 e“slmr bl Breb QreH‘a%(aN&%S&'JYv?e ht

under agitation. 3
def oamer BYK L tm ] Eﬁl'tat'gwth ramg
2- hydr oxy- 2- et hy‘-e E@H VP eSARBRE tlder agitation.
5. Add Ms (2% 4, 6- "F’ tf}g)} ‘b% | ) phenyl phosphi ne
oxide. Mx i% ful Vy-airegsndeing. * Add wol | ast oni te.
M X 5 minutes. 7.Pdtiohrgata7a’F fok X8 howr 30 ni nutes Bel t
pr epar ati on: e Engi Feeriedvetanashake 40611 88 Weslefoprespay ed
by enploying the follow ng steps: Coating the slurry
m 'FhP‘T%ﬂftﬁ%ﬂ»cﬁﬁwﬁpﬁ’éfﬁllﬁﬂrs:\(' wei ght

Test machine: Loeser RSP374 centerless
Contact Wheel: 65 Shore A 1:3 serrated
Regulating wheel: 55 Shore A

Belt speed: 7400 SFPM

Contact Wheel speed: 1766 RPM
Regulating Wheel speed: 112 RPM

Belt Tension: 40 lbs

Regulating wheel tilt degree: 5

Reg. Wheel Swing Deg.: 2

Contact wheel pressure: 85 PSI
Regulating wheel pressure: 65 PSI
Applied forces: 30 or 50 lbs

Coolant: 2% Trimclear in DI water

Work piece material: 1045 CS; hardness 13.49 Re
Work piece dimension: @1.5” x 20™ long

The Test procedure was as follows:

Work pieces were passed through the centerless machine at setting force.
The weight and surface finish of the parts and the thickness of the belt at three
designated location were taken at part 1, 2, 5, 10, 15, 20, and then every 20 parts,



pol yester backing Electro-statically coated with
grains Enbossing the pattern UV-curing and rew nd
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6" x 98" belt for testing Theidest protocol was as
foll ows; Test machine: Loeser RSP374 centerl ess
Contact Weel: 65 Shore A 1:3 serrated Regul ati ng

wWikehilts ahd Shaictusferidel t speed: 7400 SFPM Cont act Weel
speed: 1766 RPM Regul ati ng Wieel speed: 112 RPM Bel t
Tensi ont Wabatehes qkdglis Hﬁﬁerfge%ﬁ‘éje‘l‘f"“%ﬂ the f@ag%@n showagbove. The

Wb%ﬁtroﬁwea% V!th&t%ﬂt@&h&é@ ggr}otﬁé'r%%&'ﬂ ed %%rfn%naned

Regul atin ressure: Fied forces
orsutf@cd- b@dﬂf@dl gamts. P9 Bealis vedre@sted on IEIL@N@HeECeMtdSS ptiedee with

ar ks s 342575 DO RS, HeeReeitielorislur sovae. sibne
f alda@Wént iMBFdveRi rﬁﬁﬁ%g‘ﬁ@r"f@n‘rﬁﬁ%@% hBTeueMnt B@lts at both ow and

centerl ess machine at "setting force. The wei ght
s thiglafoecd foadss hApshowmtnen FaG6 55 annd § Bebdtinuidaesith sai‘ane hreated

N L T A T L —

andssGare kxsdiagng 00 partP@LE RES 18dteDOdEiBN VR 1BS RPAT A at a higher
usi n the fornul ati on shown above. The contr ol used

griaachel 34 bhourimiartrenddatiowed. . Anprat bresecm it KR §s dehe impact on
afb%[ﬁﬁ? Qi 89&?9@ observed from belt appearance atter 100 parts as shown in the

photograph: severe abrasive coating loss was presented on the control belt (bottom)

compared to belts with surface-modified grain (top).

Example 2

Methodology of sample preparation for samples of another embodiment of the
invention

1. Surface treatment for abrasive grain

1.1, Materials used:

» FRPL grain P800 grit size -> obtained from Treibacher
o BFRPL grain P800 grit size -> obtained from Treibacher
¢ A-174 silane > y-methacryloxypropyltrimethoxy silane
e A-1100silane = 3-aminorpopyltriethoxy silane
s A-1289 silane - Bis-[triethoxysilylpropyl] tetrasulfide
s Isopropyl alcohol
¢ Deionized water

Al silanes procured from OSi Specialites Inc. Currently they can be procured from

Momentive Performance Materials

1.2, Steps of silane treatment of abrasive grain:
1.2.1. Step 1: he first step of the surface treatment of the grain

involves preparation of the silane solution to be used for the treatment. Three
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surface-nodified grains. The belts were tested on a
Loesser centertess grinder with 30 I bs (FIGS. 3A-3D)

I N genkRCEIUS2009/040797
silane treatnent inproved gri-ridi-ng perfornmance and the
life of the belts at both | ow and high force |oads. As
shown in FIGS, 5A and 5B, belts nade with sil ane

t r eat edsighaimatnshowesd e 409 titghesotia e BERP IVRR! FRBIDP}S&‘D fgrit
10 to 100 and 39% | ess agsasn ve | oss after grindi

100 par ¥$dim NS pasrimeahtlag stuedreaiaenit difieredsy thwotaac of silane
and at I W [ af4t

ol | oned Rz PGl epeparfys) (h AR aiong (7}

l'i fe caeonabisgidneniobd @4 urdi Af Fidthsbaid amb@é&t—éﬁ%ﬁébmfshkﬁmr silane.
100 pai as sho in the photogra ever

coat | g ToER0GH! S s TGP b A LOMIIEH S T Sove 3
(bott omreaﬂw@&@gmb@sskaedat& d’i!"StH‘;g a%sﬁ@cggamsihfﬁdv@%gra@m
(top). Exanple 2 Methodol ogy of sanpl e preparation for
sanpl es of another enbodi nent of the invention 1.

Sur f ace treaflnmmhedior Abwasi veAgwann | IAmbuniVatlsmpiradys Di
used: FRPL graype P8O0 gsfit sizeof obtadfived fir aRvhol | water
Tr e! bacher | BFRPL grdi mP8P0 |gaLt108i 2e pigoai rLed &yoml (g
Trei bacher | A- 174 si Sgg,ee(g) silane (g) Silane (g)

g- met hacr yl[oXypHopy! noxy sttane A; 00 s§dane 5
- 3-am nor|cos|g)ly}“1j loﬁé hoxy SI I ane A JL289 SI I ane ->

Bi s-ftri et hoxy opyi :tr""s'jlfide tsopropyd S
al cohol Dai ’énﬁlz@ ter éAH $i | anes procured |from CSi
Speci al Jt es ] nently they can be procurled from
Monenti ve Perfd¥@R@ance Materials 1.2. St eps off sil ane
treatment QFOBNHEPYE grain: |1.2. 1. |Step 1 | he first
step of the séri2f®e treatment of -the|gran involUes 5
prepar ati on wfant hlensi | ane sollution to be used for the

treatment. ’ﬂHISQSDb@ﬁguM 6RalBNos tMEY §pesetkilage tre@flent used to

both the BFRPL iakRREBPROP, HHIFRUSEEHO dluthiHaSbrasive grain
gexperiment. The sil ane treatnments differed in the type

Of sil ang prepare the silane solution for the pretreatment the requisite amount of
silane was added to the beaker. If two silanes were to be used, as in the combination
of A-174 and A-1100 silane both the silanes were added in the requisite amount and
mixed in a beaker using a shear mixer. To this mixture the specified amount of
isopropyl alcohol was added while continuing the agitation. At this point the pH was
adjusted to 5 using glacial acetic acid. Further, the specified amount of water was
added with continued stirring and the solution was left to stand for 3.5 hours for
hydrolysis.

1.2.2.  Step 2: The untreated abrasive grain (8kg) was put in the V-blender
with an intensifier bar and the silane solution prepared in step 2 above
was pumped into the V-blender while rotating and mixing over a period

of 15 minutes. The V-blender was left to continue to rotate over a

period of another 1 hour to ensure complete mixing of the silane

solution with the abrasive grain. Thereafter the V-blender was stopped

and emptied out resulting in the silane treated grain.



chosen for the treatnent and were nanely, (1) A-1 74
silane al one, (2) conbination of A- 174 and A-1 100

wapioanz9ssand (3) A- 12 89 bis-sul fur silane. TPEI/EHAHO9040797
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30

of silane: water: isopropyl ak¢ehol for each of the
above 3 treatnments to process a batch of 8 kg abrasive
grain is shown in Table 1. Table 1. Description of

ratios for the 3 types of silane treatnent used to

treat 8kgs of BFRPL and ERPL P800, al um na abrasive

grai A-4F plséﬂh?-e 1ﬁ§tegi4|o;§ﬁr@at§}§pmf@ﬁgfam cqrpgrised of leaving the
pretreat me@ﬁal{en?eafc% Hélﬁ'otb?au?c'aqmﬁ SIQE: 35\{% aqﬂrﬁc\g@% @ggﬁ%ht for
to the beaker. t Silanes were e use I'n

t he conbi naltd 1empropy1/a4d)‘ﬂdl @rie dAivin dOindithaniecabiog khet drain at

si | anes wer,g %d% Si in the requisite anount and m xed

in a beakePVldig> 8°¢Kear m xer. To this mxture the
speci fi ed amount of isopropyl al cohol was added while
conti nuing the a%;_ltatlon At this point the pH was

adj udt®etl t Step ds) hglag1 %\@}v of thegwiace wgaineent plivhersain i fhaw
2???” L}Sdazggl;’lnﬂetntg ﬁ Iraérrll Ub]n%{)%g uﬁ% (W(E nJO!:.l u]ngeaqggmorphous
hours for hNQ&@'ﬁ'h’&hﬁwmla]%raZic Cabefll ¥1s oﬂmenamﬁbmazmt
abrasive grain (8kg) was put in the V-blender wth an

i ntensi fi eﬁoa@ﬁraw waew:hl%\wé by gniginedhe prepei-d @rgip and
step 2 abo@b%?ln&“@ﬁ)@&cﬂcp&ﬂh L ﬁg%sfﬁ&%qgﬁnd"ﬂbﬁtﬁn%_hhe mixture
rotating and m xing over a period of 15 m nutes

V- bl ender \@sapipedimaielycantdun mertsorerwﬁ@txe dostebutanpdthodow
of another 1 hour Tghﬁ nsure co

si |l ane sol HCHEMFNi oy tregimgat %}.ng,t#ﬁ Qr%esfiglé)ﬁetsépcludmg the

the V- bl endgh-syas sdarpadinand tlﬁ%"@?ﬁah@@e@t@& ﬁfeﬁfﬁ Eﬂetsd:rﬂﬁdlbelow)
the silane treated grain.1.2.3. Step 3: The step 4

treatment &b enswee epsaimproinepied deingohe FehsenuRyt ?h@lrostaﬂc
S|Ia||etreate rain_obt |ne furre
nood over nigiec i Feha b er® ARSHER s B st Ven
out and then heating the grain at 2000F for 3 hours.

1.2.4. Step 4: The | ast step of the surface treatnent
of tHe-§r ailheiaboyq 'éWtWF‘é‘a‘?trﬁ%’ﬁt‘mdFS“thﬁé iy P £YR5S QL RRYGSIHE BBins,

ut % Of_CabGaie 1S A28 £4IATREROPBERSY difif, O A-174 silane ireated

commer ci al grade talned from

Cor por at i orfRPIhgmin, §3)acHi7 ¢ andiAbyl Oficembinatite sémrﬂatedeFRPL
grain and grain, (4) A-174 and A-1100 combination silane treated FRPL grain,
(5) bis-sulfur silane treated BFRPL grain and (6) bis-sulfur silane
treated FRPL grain. Also, prepared were 2 more control abrasive grains
namely (1) non-silane treated BFRPL grain and (2) non-silane treated
FRPL grain. All the above 8 abrasive grains were flow treated

according to Step 4

2. Steps for making the make resin mix
2.1. Step 1: Bis-phenol-A-diacrylate was preheated at 125-135°F for 24 hours,
1,6 Hexinedioal diacrylate, Trimethylolpropane triacrylate, BYK-501
defoamer, FC-171 and KR-55 were weighed out in their respective

quantities in a drum and the preheated Bis-phenol-A-diacrylate was added to



Cabosil in a V-blender with an intensifier bar and
bl ending the m xture for approximately an hour to
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flow treatnent was done to alhpthe sanpl es including

the non-silane treated grain and the silane-treated

grain (described below) to ensure ease in projection
during &mnmbssqwmwel@qﬁmm& @ﬁ:hgl\/ﬁfy@fs&ﬁ%}h edﬂis§é1€é} with
in processing to_make an abrasive disc

above t fedip ]SP‘?J@E@J‘W@ pecdgupriity jusedsfor ﬁpfe@oéw ComPOnemS is

b I P
e T
174 and dﬁ&nl vm@@hﬁdmlﬁ) foratidaeolsed enea. fnieat eas BiHSRlogenity in the

grain, 4 and A-1 100 cgn‘ol na i, gn si | ane
treat ed YiaR, wasspniinpuedde pe grixed il dompagreaps solution was

BFRPL g%@iaﬂae@nq“h@ @)sc@s 8" rﬁhéefﬁ:!f: e inhi@N6r 4 §GRIBhiBRMas

grain. Al'so, prepared were 2 nore control abrasive
grains nmnréhmeeé bytweom460- B&Qnepst Thiateid WBERRIn egmrad i @mki in

2 1
St ast vE I REHER S POkt B 5 rER T o et op 4

2. Steps for making the make resin mx 2.1. Step 1:

Bi s- phenol A e was pr 125- 1350 £0%: (9,
24 hour s.. 1, qub—le%%l%tggqlt oal CI ac?&&%&&?&;?} Ambiit (%)

[ h Hat et |
'7I'r Ilngady K§ ROl Z\'%f%ﬁé‘y eqrl U{17‘3"[?‘:‘35;)% tiv 2@ 2

quantit|ac~ -A—a—drum-and fkg_\ nr

Bi s- phenlol- Al g Hexingdigal wad adedee. ﬁaﬂﬁmem xed tao t h?%88

for 30-45 mmedsldgppaneneyer CHegBaspmed di sper ser24.88
with 8 :| di a birsdeylatThe angunt of each quantity used

for the [above Defrperents i § spREK{INEIBYK Table 2. Tiee24

m xi ng was stopeed(and the wal kg-andehage of the drgm7

was cheqkeghfypsxyidigipealved rp&iddhehicalsher ¢ was
| nhom)genlgl?@lme IhBLphi i,he sol ution was coptinued to

be m xed ti ;19 geneou< sol ut i on vvas obt ai ned. The

Ul

' it sal-ttH-on—was
ot O A ERROPIEL (o™ 0%

st ored | es-conditions

pr ef er adiaplehddsscoplm ez”ramovawl@ percerte & rhpeqrapensnts of the base
anounts in percents for rftsmem@@!i@pﬁweml@ refint he base

2.2, Step 2: The second step was to prepare the catalyst solution for the make
resin mix. For this, the V-pyrol was weighed in the desired quantity
specified in Table 3. To this mix Irgacure 651 was mixed under moderate
agitation unitil dissolved (approximately 20 minutes). This mix was then

stored in a cool dark place under 90°F +£2°F.

Description Product Name Amount (%)
Manufacterer
N-Vinyl-2- BASF, Polysciences, 77.78
pyrrolidone ISP
2,2-Dimethoxy-1,2- Irgacure 651, Ciba 2222
diphenylethan-1-one | Speciality Chemicals

Table 3. Description of amounts in percents for the components of the
catalyst mix for the make resin
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desired quantity specified in2¥able 3 . To this mx
Irgacure 65 1 was m xed under noderate agitation

unitil dissolved (approximately 20 mnutes). This m x

was Riestqs dr Gile citalsiciaoh Searkwhl mesutbddei aﬁ@ﬁﬁh&ﬁhe resin
Tabl e 3. Descrlptlon of ano ﬁ in percents for th

conpone rFPf enigfirqm Slepal %FW@G‘%’V% oy mpheligdrwe et ‘WZWS‘Eht for

Step 3: I f
Co thi s Trany el g2 I, PhARE s4R5 (RERhYAEq i e
the m x usmglaal”bahbmg)laﬁeiaﬁ d]m;ai VMD@IIIE wﬁsadoﬁehe 18 SFPMIfor
Step I S, was m'xgd at hi

: Thi s,

di spers@praéﬁwgela 3@%‘5? ohjniya hgpmog PS Eﬁmmaﬁmamd
done at The8Q:8ERMahgy oﬁﬁ@Fc@EﬂhﬁBEﬁhﬁor}@a%&H@ %@M%En 150-200 cps
until a honogenéous sol ution was obtai ned. The
vi scosi uyingari¥eokficld hscoreged t i ng sol uti on was not ed
bet ween 150-200 cps using a Brookfield visconeter. 3.
Steps for making the size resin mx 3 .1. Step 1. For
t hg, fStémstfos hitikid tHerseRaksingnixhe size resin mx
i sopropyl al cohol was mxed with water using a snal |
ai r i aten k gobthé§H31ét?ﬁtOé|Pﬁ’é’ﬁlmgl'ﬁletgfﬁcée%il MK ésopropyhajeohol
was sl O\MJ?X Qg(?gﬂ W&Jtcer élansgnd aﬁlhmﬁgmﬂ nyed, @cﬁl'tatlﬁér.' P his
t hereafter or anot mnutes to prepare e
si | ane Arlanem{llﬂﬂmausbdrly mddehevmiexmxsigep:th déeinned apwtion
of the m x re as per_Table 4. Table, 4 rcen 0
conponerf& e*{@é gorfa&P&ﬁF hayRYiy QiPFerREs the i‘l"fﬂﬁdgﬁ] é@g‘”’zused m
Step 2: tﬁéh&tgt% hyclr @xyeSdd dnid SORYAMLF BhIAc acT y! at e,

2- Hydr oxy- 2 Phyl pr opi ophenone, Fl uor ocheni cal
Surfactant FC 171 and def oamer BYK— 501 wer e mxed

Id.UI T

this thelsane A-_1100 m X fﬂn 1 nhr\\ln Wwao

VA/le Yo

sl owl y added and3i xed far @@”ﬁrﬁﬁf@s%ﬂ a sl ow sspééd
It is eskeminerpopiuicthone isi | dprsialiiigs G0 ni|x be added
to the base resiilanegn x under aqgitation to avoid

toget her -+ G-utt as—s
around 2D- 30013?%8{3%%' at s g” 1100 )SFPMA pt (%)

formati op okogebaltdlevholThils mx - 37.11

Water - 12.26

Table 4, Percentage of components used for preparing silane A-1100 mix

3.2. Step 2: Tris (2-hydroxyethyl) isocyanurate acrylate, 2-Hydroxy-2-
Methylpropiophenone, Fluorochemical Surfactant FC171 and defoamer
BYK-501 were mixed together in a drum, as specified in Table 5., for
around 20-30 minutes at slow speed of 1000SFPM. To this the silane A-
1100 mix prepared in Step 1 above was slowly added and mixed for 10
minutes at a slow speed. It is essential that the silane A-1100 mix be added
to the base resin mix under agitation to avoid formation of gelatin. This mix

has a good shelf life of 2 weeks in a plastic container.
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has a go

od shel f

life of 2 weeks in a plastic

container.3.3. Table 5. Description of anpbunts in
w@erarass4 f or the conponents of the base resi nP@i/KSI009/040797
the size resin 4. Preparationaf. the abrasive article

4.1 The preparation of the abrasive article from which
abrasi ve di scs were subsequently stanped out for

per f gr3rance eval uation testing started with the unw nd

station
web t he
obtain a
Thi s was
D and H
PET backii

where a 3 m| PET rol
ke resin prepared abo

e was applie
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make reBesernipgpght of ar
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oBrd 10t iend, b

e MarugicngeilV
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treat ed
el ectros
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ated bad_above.
out ?’%{“He diffle
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t-ati-c-projection.of the

Dar é?af ?rﬁ'ﬁ
g Spgcn
n,l.bﬁ »pCli?

71 dlle-j_a’l—}u
runs were
face

ain_to
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n gf 3&‘PFP°JRE‘P§>H‘( Surgctamt our
the naker resin _was done

\dFiuorad Begrt e
» uECAGLUOM | |

am a f Bi0p
ghts (D &

To t he afomdernmake resi

B B 0308 ki

ve grabn3

surface

anot he&ilahayeri00fmixhe s

e resi-n was

appl i eg.8s

and cur gabld$ I Yesbsptits MNMIERTIR peldes B Bponents of the base
The cured proqgggnﬂgquﬂygggggninto a j unmbo

These junbos were
g" abrasi ve di scs and used
ow. 5. Testing of the

abr adilv@haptdpatatiob of the aBrddfeitiule fromashidls ablatioe HB6 were

sequence.
roll on the rew nd statlon

sups e

fd? ?ggﬁﬂﬁgX%%Q e§%¥g§ éﬁ

t he performance of the abpve 8 typ

es of di sc

s. For

test i ng S&sSRreddy shaweg rh I@Vé@r&anm@ ypsien t%ﬁﬁlaéﬁtaaﬁ@wh
gri ndi ngeapdihd Safton wn@m%tbbﬁmﬁi

chosen as an acry

I ¢ panel

using 6

pane

l%*i’i%&%ln%%@ Cbl‘ﬁ%%hls web the

s such't

each cyolake wsul ptesetrad tbafervesshappliedatorndiity a pradp acsad weight of

sanpl e,
panel

cond

?d’i’?’é

WP AR e

e

e th
Y\RES

gp]?mgg]gqu lights

t he mat ¢ il H bAIMY Athe WaRiall P ¢ el Dhke BAIME § $riPPET backing was

Concl usi

ons Coated abrasive

di sks were nmade as

descri beessod thiowgiranal¢ctiestiatic grain projastionpail fe apply the abrasive
grain silane and flow treated as described above. 8 different runs were

carried out for each of the different 8 surface treated grains prepared above.

Following the electrostatic projection of the abrasive grain to result in grain

weights of around 1.7 Ibs/ream a full cure of the maker resin was done using

UV lights (D & H bulbs). To the cured make resin and abrasive grain

surface another layer of the size resin was applied and cured fully using UV

lights (ID and H bulb) sequence. The cured product was wound up into a

jumbo roll on the rewind station. These jumbos were subsequently

converted into 6" abrasive discs and used for testing as described below.

3. Testing of the abrasive article

5.1. A DA sander was used to test the performance of the above 8 types of discs.

For the testing 6, 30 seconds grind cycles were used under dry grinding
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i ncl uded single siane Al 74, bis-sulfur silane, and
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agai nst the control made by raw-FRPL and BFRPL. For

both grain types, disks with conbination silane

(conmbi nation of relatively hydrophilic silane
conponenrbnditieng. dhatihbsehye vaygophebve: dokang merpaiteahs! using
treat msnt grai ns showed the highest cunul ative

mat eri al naé%%@ thaRash exrle yorlmarbairesh @nginggyly prepared sample,

(single t
Al t houg ﬁ@t ?@g%ggg%}srg. L"d é?[@tﬂ?eg grgl{l ?L{aﬁanl\!:r ea% %%‘thed to measure
ver si 0n3hfpkass‘ mrwm@tmlndﬁea m@tutxiﬂatmoﬁfaltxm readidnat i on

treatnent (of relatively hydrophilic and relatively

hygﬁm%&comonent s) of the invention, the

W&S&tb@hblﬁﬁ@&@ks e A Bc@ﬁbb&‘hﬁt‘h%rlmcﬁﬂ% griinREs LAfn
0 seconds showed great advantage of

contatmanu Greatedd@R R dargr BFRPlo Oraihg vimstemeluded sipkktsilore 4674,
t d th qnly. i,.ngl i,
2 PSSk beiiactioR BT fofiad B iR BT EF Qb papinst

shgwroriél iR Oy R RILL dhd BFRPENES Both £ es disks with
enbodi nent s thereof it will be understood by those

skegmiigation silgae a:pmbeiwapnvérqhwglwwéﬁg@ghq ang epmpppgnt and

de}eﬂtiv@?%g&%ﬁg% ﬁax‘iJ‘c%r 05115 {rgﬁgnteg% 1%5 tslll&g {ﬁlgg]gthgﬁ

Scope 0 I'on”erfconpasse
cl aimBla@GleAhdErivraimoival adnspaseitoicontrdl. and smgle (smgle silane

SR SR 1y AP on

t hgedtinkM JeRGotidicr@rded Sbad ﬂo\éﬁﬂl%f edicaMilation StchBhdt (of
conponent and a relatively hydrophobic sil ane

C orqlﬂrvehthydz)phll‘lrdmldsmkaﬂade hprdrephotae Slb@m aempengyiaiod thef

c oMyt MeThfieR oot st b b {ERLBRALS Bl 30 seoqnds
ONsHERVHAQN ¢ a8 Rl eGkAQ of cOMbinagog reatpd @@n&bfsm frgenfion relative to
am nes, diamnes, trian nes, azine, azol. ureido,

i sereynieated with B2 Single sidang compPiinbo, chl or o,
mor phol i nyl and pi perazinyl silanes. 3 . The
SUEfRAHEAIIINTS ed abrasive grain of claim1, wherein
the relatively

While this invention has been particularly shown and described with

reference to exampled embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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sil anes, nmercapto silanes, epogy silanes and phenyl
silanes. 4. The surface-nodified abrasive grain of
claim1l, wherein the grain is at |east one nenber

sel ected fromthe group consi sliatgfof al um num oxi de,
silicon carbide, fused ceram cs, alloy abrasives,
solvhgsek Slaie@ @M € grai ns and super abrasives di anond,
corundum enery, garnet, chert, quartz, sandstone

chal cedony, flint, quartzite, silica, feldspar,

puhi ce, As@ltace-perignd abippveerag eemBrigbEon nitri de,

fused al um na, ceram c al um num oxi de, heat treated

al um nurnapxrbwsive gkamiand zirconia, glass, silicon

carbid ifon oxides,. tantal arbide, ceriu xi de, ...
Crh” oxiie MECbe s BRGE HEY R i SlAEL P it
nanganes gildie@¥ifiRnemtiah€ AREINN DX hEtRoplRMet §iahk €8Mponent.
nitride. 5. The surface -nodified abrasive grain of
clai m 4y he%%@é—ﬁaoﬁﬂﬁ:d%ﬁa@iv@%ﬂih 6F Qaih RRESEin the tlatfely
range of between about 10 nmand 6 mm 6. The

sur f ac diydtahiflicedlandheampareniingludesoft leastadns compakied &om at least

the sil ane ¢ onents.are, pol yneri zed as. di.stinct .

hydr opHiTF PSR SHIoH D RBLHE Bl y AR ineiod aptipsrniliamings,

or bl oaKa@pepalz#Reiiol afeido, isobyends! lallase; aeehixly &dmino, chioro,
abrasive grain of claim1, wherein the weight ratio of
the relBePbeiy! pydipwetrmybsilaage conponent to the
relatively hydrophobic silane conponent is in a range

of3. bet eersugbesumodifigd abradivalgoin oOdaim |, \gherginghe relatively

D o i oRGRILL ghe rela
the abr! s|°§5‘é£%‘?§}‘nmf@a'gé%o%&ﬂaa' ‘gﬁngg‘ﬁgfnpg{lxganﬁgg 3 6} ohe member

and t haelettednfiosn thePebupsddneX@iLothigdl silngdsglesagrylate silanes,
met hacry] oxypropyl tri methoxy silane as the relatively
hydr opWBBPrcglgWSaﬁ@r‘@@P?p%Hé‘Fﬁs ep@yy silanes and phenyl silanes.

3-am nopropyl triethoxy silane as the relatively

hyldr opHilicisertaca-madified apwaizaeraimo! gaimet Heeren thogmimig aleast

ST 2 LY LR ST 5 28 o

hydr opheatbide, $idedoeragixpalivgndbeast @s f oi-geia, derathi¢rg@ains and super
abrasives. diamond, corundum, emery, garnet, chert, quartz, sandstone,
chalcedony, flint, quartzite, silica, feldspar, pumice, talc, boron carbide,
cubic boron nitride, fused alumina, ceramic aluminum oxide, heat treated
aluminum oxide, alumina zirconia, glass, silicon carbide, iron oxides,
tantalum carbide, cerium oxide, tin oxide, titanium carbide, synthetic

diamond, manganese dioxide, zirconium oxide, and silicon nitride.

5. The surface-modified abrasive grain of claim 4, wherein the mean particle

diameter is in a range of between about 10 nm and 6 mm.

6. The surface-modified abrasive grain of claim 1, wherein the silane
components are polymerized as distinct hydrophilic and hydrophobic

polymers, co-polymerized, or block co-polymerized.



b) conbining the m xture with a solvent to forma

silane solution; c) reacting at |east a portion of the
waptoanez9sgonponents to forma partially ol i gomePCEES2009/040797

silane solution; and d) blendiong the partially

ol i goneri zed silane solution with an abrasive grain

conponent to formthe surface-nodified abrasive grain.

107. TheThetiade Modifi@l 4BrifeldrhiRer clang U dihe@id ﬂ'l@ v&ﬁ@i@ ratio of
of curing the surfacenodified abrasive grain.

The met B8delatvly hydroplglic M@e@pwpph@t ﬁcelhatrcl\avevw hydmphobw
hydr ODhg apgégnang,g&%t %olne%y Do 'bgm%ten ABARY. éry;a%d”%%% 1.

selecte SIS
o) Boxy. T RFBREHG %ﬁaaﬁP&aS”&rﬁa%fqé‘f cﬁaﬁbﬂ%ﬁrsrﬁm (Rl asive grain is

5 pl per asta&éd ﬁilg@ﬂﬁﬁmnﬁazgﬁ'aiﬁhﬁadr’fﬁé hed iof pab@iofaddthat includes y-
wherein the relatively ydrophoblc sil'ane component is

at | easmeéﬁ@ymyé}pyg@mé&mﬁmfan@mth@erelgtlwp hydrephelic sigpne
of Vi nyJ:on’?n%(Jn%H xfﬂ%ét[&f)'v%&hg’x lln 15 as t%g:%%l %“eé%i)}idroph:llc

si | anes rca epoxy st T anes
si | aneSSﬂaihScoﬁﬁbendmet hod of claim9 wherein the grain
is at | east one nenber selected fromthe group

comsi st AngetRdd f @MY, LPkeNAIMEI il ABFaYive iR lomtRRG tthe steps
quartz, sandst one, chal cedony, flint, quartzite,

10 5i1ica,ofel dspar, pum ce andtal c, boron car bi de, cubic
boron nitride, fused alum na, ceram c al um num oxi de,
heat tr®at edcoabbimingustatyalylbydraphilic med weilativelyi tydrepibabis silane
silicon car bloolle n|er on >§| des, .tantal um carbi de, cerium
oxide, tin oxﬂap PR ggﬁhgl de, synthetic dianond,

manganeise di @%ﬁtﬁiﬁmglhd Iﬁimuﬂé Mt @ven@ittfosthla @R solution;
nitride. 14. The nmethod of claim 13. wherein the nean

particl® di aifBEER 4tdeatp portiaethe silysraewanensin forp apartially
15 and 6 nm 15, %rﬁ@rﬁg%e%luﬁbﬁ 49, wherein the s

il ane conpone S are po ynerlze as distinct
hydr ophd)l i ¢ ldaddihy thequhicily ©lipohymeds;lacosghatomn®itls an gbrasive

bl ock co poI mers. 16. The nmethod of claim9 wherejn
the weight rEfIEOGIPOPFR tp g(rraﬁt% g Cﬁ;)’Ei?‘gbir’H RYIESIES pape
conponent to the rel atively hydrophobic silane

Co%one e methpd of claim 9, further including the step of curing the surface-

modified abrasive grain,

20 1L, The method of claim 10, wherein the relatively hydrophilic silane component
is at least one member selected from the group consisting of amines,
diamines, triamines, azine, azol, ureido, isocyanate, alkoxy, acetoxy,

oximino, chloro, morpholinyl and piperazinyl silanes.

12. The method of claim 11, wherein the relatively hydrophobic silane
25 component is at least one member selected from the group consisting of
vinyl silanes, methacrylate silanes, sulfur silanes, mercapto silanes, epoxy

silanes and phenyl silanes.

13.  The method of claim 9, wherein the grain is at least one member selected
from the group consisting of diamond, corundum, emery, garnet, chert,

30 quartz, sandstone, chalcedony, flint, quartzite, silica, feldspar, pumice and



range of between about 1:99 to about 99: 1. 17. The
nmet hod claim9, wherein the abrasive grain is seeded

waenvged3sal um na grain, and the filmis a pol yRBCT/US20%040797

10

15

20

25

that includes g- nethacryl oxypgopyl trinethoxy sil ane
as the hydrophobic conponent and 3-
am nopropyl tri et hoxysilane as the hydrophilic

conmponegle, bdr8n cdivedeitiOBooh nittiaé, ud aMiging] derdohie aluminum
sol vent includes at |east one nenber selected fromthe

group cOWds: Seatirpated slwupreKIdeapliBh Zirsatae glasse sihigprosarbide,
met han el . one. 1 ] ai

To, anere GO RE AL AR Fun Sugl IR R Sulln QBT
to a raygthenf diaatondemasdanede ddoxddd zabanitimbxide, and §ibcant nitride.
| east partially hydrolyzing the silane conmponent. 20.

Thiet, met iedmehod batlaind 93, wvilesig ki hékeh firtidis dRdicts e a range of

with at | east one nmenber selected fromthe group

consi sthohyessrabapel§ emgad § mmeel i ¢ acid, stearic acid,
mael i ¢ anhydride, HC, HNO3, H2SO , anmoni um chl ori de,
amPoni ubhehypehos ptieains Bavbareinylr Blendeompdnenisons polymerized as

pot assi hydroxide solutjon. .2 1, The nethod of claim
o, whor Y REEPRE: ROLB Rt Sumoun oS Brpelfent oG
met hacrpdigxypr opyl trimet hoxy silane, the relatively

hydr ophili ¢ conmponentis 3-am noptopyltriethoxy silane,

ang_ t herigohMapd of MG Jeshdeh R G8GhVRES b ﬁ{é%liaﬁ%l% APHbphilic
al cohol . 22. The nmethod of claim 21, wherein weight

rati o ofilanheomponeni sedhg rafaiyelyghrdpipbobicisdane ompopeing in a
to hydr i ldc..sil CO n &S;in a ratio of
betvveenrgggeo%ﬂtbci\%@a%ﬁ%t lgg%%ta%gg1: '(%[9.?”'23. The net hod of
clajm wherein.the grain,is, at. |east. one nember :
Select ettt hBiSoufeRirior Syt ERT Gd SOPEH alumina
cor unduivhinCARS the filiRRNLbolySiRahe thatiRbhdes pandst one,

chal cedony, flint, quartzite, silica, feldspar,

puni ce, metakerylogppony anebeey sikop pethsdydiephphie cgaponent and 3-
fused aslnkﬁﬁ‘oﬁrggyﬁrg{tﬁérgygn%!e%E‘tl%%{Dd?aﬁd}ll%.ch%ofﬁf?@}lreB{ eat ed

al um num oX a zZirconi'a, ‘g I con

ca]rﬁbi d iro x'.g]es t ant al um car bi de er.j.um, oxi de

ti ¥ oxi ’mftﬂ?gﬂ* mrr& g’r%?edg,nﬂgiﬁ?? e&t }né:ludces at least one meinber
selected from the group consisting of isopropyl alcohol, water, ethanol,

methanol, toluene and acetone.

19.  The method of claim 18, wherein the pH of the silane solution is adjusted to
a range of between about 3 and about 7 prior to at least partially hydrolyzing

the silane component.

20.  The method of claim 19, wherein the pH is adjusted with at least one
member selected from the group consisting of acetic acid, maelic acid,
stearic acid, maelic anhydride, HC1, HNOj;, H2S04, ammonium chloride,
ammonium hydroxide, sodium hydroxide solution, potassium hydroxide

solution.

21.  The method of ¢laim 9, wherein the relatively hydrophobic component is y-

methacryloxypropyltrimethoxy silane, the relatively hydrophilic component



di anond, manganese di oxi de, zirconi um oxi de, and
silicon nitride. 24. The nmethod of claim 23, wherein

W@ bwvgesssace- nodi fied abrasive grain i s cured BUTHS2089/040797
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15

20
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30

at a tenperature in a range of2gbhet ween about 100C and
about 3000C for a period of tine in a range of between
about 15 m nutes and about 24 hrs. 25. The nethod of

cl ai m 24,3-ahi@nbpiopy ki@hebr ia6€ ar0 thd dobdnadik Asley Geigfidddwater
is cured at a tenperature of about 800C for a period

of ti rreafl?fls%BP,Dflggoh%r S. 26. The coated abrasive

product, conprising: a) a backing |ayer; b) a nmake

codd- onlbhacthadki plgin ayevhergingvaight arficadirthe raletivghahydrophobic
conmpone o WE he abrasive grain
componcipnf kb AP SRR i RSB RRL AR E G G oween
W th atadogas9angab®itabilvel y hydrophilic silane

conmponent and at | east one hydrophobic silane

COIRONEDNke méthod HREIakR 2 edhabih A%d ¥indik Qe oBE nfdnfleMielected
26, wherein the relatively hydrophilic silane
conponeli¢mithcgidp sorsisting #¢ giagiead conrprshuntd efmeoymzatnel shet,
one ne .S 1ed he,.qQr oup, cONsj.st i of .

i nes, e EhEabA b ohDhide B ARG (SR pumice, et
| socyantairen cabldexyubiclerRboxitide Xiset AlumiGhllcefabic aluminum oxide,
nor phoi | nyl a%g piperanggl si ] anes. 28. The coated .
abr asi v aiﬁ%ad glupniun grige.pauming @irepnia. ghessy wliean spghige, iron
hydr op j [ 0 j : - :
Compound 1P o SR EOMROATAn PG MERRAR, LRRRh <BBRi cyntheri
group octasped,immangefesy dimkides kiramasy oreeadrsyliahenitride.
siianes, sulfur silanes, nercapto silanes, epoxy
si}danesTlandethhe oy tlamh Anelsreid %he shifacearideibdaddt adievgain is
product of any of claim26, wherein the grain is_at

| east &%@%ﬁﬁbﬁs 24 8 [IIEREure B rees s iFeR SRS hgudpbout
di amondsnoe@ anEbR - tyf , stz
sandstongégghalceggﬁgﬁh%fP%?%Q%Jgﬁggﬁ%gFbgyﬁﬁggwuwsmuiﬁmut
f el dspa#d hrpuni ce, talc, boron carbide, cubic boron
nitride, fused alum na, ceram c al um num oxi de, heat

t rafat edltad method of dxind24, vetleweh e wirfaceniodifiegl absasive grain is

EIX: :jgonctq%a %I)@Idtg@pclzrra‘&?e 3 ellb%gts 80"&%; g lpgrrlT(])dc & tprhg ot ab%leltr : Hmlrs.

26. The coated abrasive product, comprising;:

a) a backing layer;

b) a make coat on the backing layer; and

c) an abrasive grain component at the make coat, where the abrasive
grain component includes abrasive grains surface-modified with at
least one relatively hydrophilic silane component and at least one

hydrophobic silane component.

27.  The coated abrasive product of claim 26, wherein the relatively hydrophilic
silane component includes at least one compound from at least one member
selected from the group consisting of amines, diamines, triamines, azine,
azol, ureido, isocyanate, alkoxy, acetoxy, oximino, chloro, morpholinyl and

piperazinyl silanes.



titani um carbi de, synthetic dianond, manganese
di oxi de, zirconium oxide, and silicon nitride. 30. The

W@ owvaw3abr asi ve product of claim 29, wherei n PHBEUNAN040797
particle dianmeter is in a rangg of between about 10 nm
and 6 nmm 3 1. The coated abrasive product of claim
26, wherein the silane conponents are pol ynerized as
di 9Bi nctThbyditedhbratice pRdubyEcRPNQBI Wh&eInABFdatively hydrophobic
co- polyners or bl ock co-polyners. 32. The coate&f
abr asi véilgesempongt irgludanapastwhe eempounderam a leastoae member
of the r I Q
rel ati Veﬁc}:@[hﬂi Yé%hytﬁp%%gré;%l]% %]tg"l Cd(])“ ?rg/? 81 %@9 Iﬂl’%ﬁa‘"ar ﬁte shlgmes
of bet weelfuradlans, ﬁ:u:&ﬁplbmlalmmpoQQbilanes 3id pAdre/l §1‘Dﬁi§£d
abrasi ve product of claim 26, wherein the abrasive

5grabn i TheessledasalivaplodatibTanRolain26,aRkrdiAehd grafik &t least
a pol ysil oxane that includes g-
met hacr Phorgptbspsalectadnisem dha/erein egnsishisg pﬁélam@@docpmbium
conpone a
nyar ophTien eamsk STHE WALl T SR A ek s

abr asi Veelﬁa’padlmmlcec;mmrhoﬁdmrmh@ c8bre s raf mlriiﬁe fused alumina,
conbi nin rela\tlvel ydrophilic and rel atively
hy dr ophSBRENGHHBRITE %ﬁsﬁtﬁﬁ& tgeaes! FgPRUE? oidss @Jtémnﬁ)moma

1o conbi ni gl @ﬁ%’é&x‘&‘ia% Wbk Bx@esS UnYARh c%z‘héé’[&h?n%h]d@% oxide,

sol uti on; rolyzing at |east a portion
si |l ane d:ldmrpmembgiet gyntletindanmyndr maygapdsesdibxitie orrconinohd) xide,

bl endi ngg%ﬁl?g%%/ I{rqg(sﬁyzed solution with abrasive grains

to for fied abrasive grains; e) conbini ng
ce-nodi fi ed abrasive ns V\/lthareS|

;.UE&%F ats ﬁ%ﬁ%@dp@éwt&éélaﬂﬁgﬁWE%rE%P%Im%p@rﬁlaher%ameter

and r eSiidlinlaOaRe AU BB @ik Uhd Bhhhe resin,
thereby form ng the coated abrasive product. 35. The

15 Megfpod ET& %ﬁé k?féswé folﬁgﬁrof L AGh Ydi \Qgerleﬂethég g@.e%%ﬁlgoncnts are

curi ng the sur acenD abrasive grail
met hod @blyealeaized &5distivee hedmphitie amcbhjairopvlejb;c fojgtnephid-palymers,

si | ane copponent
or [;rl%cfg co-polymers.

32.  The coated abrasive product of claim 26, wherein the weight ratio of the
relatively hydrophilic silane component to the relatively hydrophobic silane

20 component is in a range of between about 1:99 to about 99:1.

33. The coated abrasive product of claim 26, wherein the abrasive grain is
seeded sol-gel alumina grain, and the film is a polysiloxane that includes y-
methacryloxypropyltrimethoxy silane as the hydrophobic component and 3-

aminopropyliriethoxy silane as the hydrophilic component.
25 34, A method of making a coated abrasive product, comprising the steps oft

a) combining relatively hydrophilic and relatively hydrophobic silane
components to form a mixture;

b) combining the mixture with a solvent to form a silane solution;

c) hydrolyzing at least a portion of the silane components to form a

30 hydrolyzed solution; and



i ncludes at | east one conmpound from at |east one
menber selected fromthe group consisting of am nes,

woelz@aileess4 triam nes, azine, azol, ureido, i SORYHES2089/040797

al koxy, acetoxy, oximno, chlogfp, norpholinyl and
pi pcrazi pyl silanes. 37. The nethod of claim 35,
wherein the relatively hydrophobic silane conponent

i ncl udegyyat |M§nﬁﬂ@hﬁ&ﬁ%b@%llﬁﬁmﬁﬁ :aﬂn%ﬁ%% g UM to form
menber selected fromthe group consisting of “vinyl

sil anes, met ladegermodifisd hbrasise gmirlsf ur si | anes,

mer capt o, si | anes, .epoxy silanes_and phenyl .silanes. .
3. The et hot BB Sr RGPS “wHer BPr PR S
is at |_Ef}aSt Qﬁﬁl_yﬂ%ﬂb@éorﬁ@ih@@§Lﬁdic&—hﬁfﬂﬁﬁéﬂeat9£s@\!ﬁbograins and resin to
consi sting of dianond, corundum enery, garnet, chert,

Squartz, sand$tt@pEngiciwgdl cedony, flint, quartzite,
ilica feld i cen and. | d
cubl ¢ bl on” Shbe HRYELE AN, kinfug ROLORCA A produst

oXxi,de, at_treated.alum.num oxj de, alunm na zi.rconi a,
oraee: PR LR B Y B B S AT eR SR pace-
ceri um exddilesd dbrai@xdigigs. titani um carbide, synthetic

di anond, manganese di oxi de, zirconi um oxi de, and

si 136C0oN Tk ettt 0f3him 13e wWiBlehPfle Alatd ey H}‘l(ﬁf}p%ﬂ’i@ &fi e omponent

the nean particle dianeter is in a range of between
10about  10naivdeanticast pne cappomiddrave ahloast ofic oleaiber Sd¢cted from the

wher ei n I.l;ane conmponents.are polyneri.zed as .

ai st no@ P RhRG S RECT Db BRon PR, TAE &0 ureico.

co- pol y i@k ganany; altbog lac@oploxeing, diloroMerpretiRgichndfpiperaziny]
claim 34, wherein the weight ratio of the relatively

hydr ophiH#€Ssi | ane conponent to the relatively

hydr ophobi ¢ sil ane conponent is in a range of between

abdut 1:.199 meghradfgtainds, whegin thypadatinslhiexiirephabicsilng4,
wher ei n | nain 1s _seeded.sol -.gel .al umn

15 oret o " hiBoRt fiR|ues BNl Toh SRR 10 atEhsr Bp eliByr
met hacr ytleotypfropythé elouiplcbasistingiof &gy sifarnkhandiigiroRizoilbges,
conponent ang 3- am nopropyltriethoxy silane as_the

hydr ophP¥ ¥ SERRRIoREIsaDIo sdancspoE sHass ard Phaapyhsitanes.
wherei n _ the solvent includes at | east one nenber

seP8ct edhe msthadms agy eliplaitn Adi whereig tast grainop Ablsgst one member

al cohol g @t EFromShé 81%91‘3 'consisting of diamond, corundum, emery, garnet,
chert, quartz, sandstone, chalcedony, flint, quartzite, silica, feldspar, pumice
and talc, boron carbide, cubic boron nitride, fused alumina, ceramic
aluminum oxide, heat treated aluminum oxide, alumina zirconia, glass,
silicon carbide, iron oxides, tantalum carbide, cerium oxide, tin oxide,
titanium carbide, synthetic diamond, manganese dioxide, zirconium oxide,

and silicon nitride.

39. The method of claim 34, wherein the mean particle diameter is in a range of

between about 10 nm and 6 mm,

40.  The method of claim 34, wherein the silane components are polymerized as
distinct hydrophilic and hydrophobic polymers, co-polymers, or block co-

polymers.



nmet hanol , tol uene and acetone. 44. The nmethod of claim
43, wherein the pH of the silane solution is adjusted

wo og/1288ge of between about 3 and about 7 priBCT/US2089/040797
| east partially hydrolyzing thg silane conponent. 45.
The nethod of claim44, wherein the pHis adjusted
with at | east one nenber selected fromthe group
corsj st iThg nefih@C&tdlfman, diheraethk Gvedtit GaticSRRAE reatpeiyd,
mael i ¢ anhydrjde, HCO, HNO, H SO ammoni um chl oride,
ammoni ukyHeaRdkisHane wamanantiy degslietively by dropbeabic silane component
ot assi um i 1.on,. thod of claim
p AR QXL AR R o0 0o #f: anbPudT!

34, wherein atively hydr oio I c'silane

incl - h I . Al h :
o e N T R T —

53- am NogFaRHnthEfiokk [ily oRaneansd ihdIgdsal vent
i ncl udes dei oni zed water and i sopropyl alcohol. 47.

The net Rsdhastylexvpremyasimaipey silpnodsitah hydraphabiogomppaent and 3-

relativ noebi ¢ .Sl t.1 rophilic
i1 ane. SondXSLARRARLY s T 3R s ARRIAR okt ° 0o
2o e Pk ke s TRote PR Ty g OGS Mo
group ce¢tedted froeh e pfiudrednssting AT idgttPyl BB, walieF, Refanol,
chert, quartz, sandstaone, chal cedony, flint,

Wquart zi F@,ﬂlaélpf,il’%‘a?n@fﬁélﬁdtjﬁfaﬁq pum ce, talc, boron
carbi de, cubic boron nitride, fused alumna, ceramc

al dfi nuhhexietiend dadaimt43e athewgirathe pHrmfithosiiade solatiomismdjusted to
zi rconi I 2 Sili carbide,- i ronoxide t.ant al .
car of de d e Bech sEOT AAUILER 7 i PATH SRS p R tSlyaing
synt het e sifaagendponganganese di oxi de, zirconi um oxi de,

and silicon nitride. 49. The nmethod of clai m48,

whesei NThe eheShiid aFeemmdl HhedipRE aBll i 8digiE@E vithst (dakQfhe
such as at tenperature in a range of between about
15100C anseadsuselsgobitomdhe grogp eprsiting of peasiciagida maghgecid,
of bet : t . 1 _ ty h . .
ot hod SR S G REPER. A5, BRPR D Shlmattn MGrice
abr asi vemgtoium hsdionidedsoaliuna hy dropide ablutien, pbtaakionit hydfdide

for a periqd of time of about 3 hours.
solution.

46.  The method of claim 34, wherein the relatively hydrophobic silane
20 component includes y-methacryloxypropyltrimethoxy silane, the relatively
hydrophilic component is 3-aminopropyltricthoxy silane, and the solvent

includes deionized water and isopropyl alcohol.

47.  The method of claim 46, wherein weight ratio of the relatively hydrophobic
silane component to hydrophilic silanec component is in a ratio of between
25 about 1:99 and about 99:1.

48.  The method of claim 47, wherein the grain is at least one member selected
from the group consisting of diamond, corundum, emery, garnet, chert,
quartz, sandstone, chalcedony, flint, quartzite, silica, feldspar, pumice, talc,
boron carbide, cubic boron nitride, fused alumina, ceramic aluminum oxide,

30 heat treated aluminum oxide, alumina zirconia, glass, silicon carbide, iron



51. A bonded abrasive product, conprising: a) a bond
conponent; and b) an abrasive grain conponent that
WO pbO2s84 an abrasive grain and a fil mover thRCT/US2009/040797
abrasive grain, the filminclugyng a relatively
hydrophilic silane conponent and a rel atively
hydr ophobi ¢ sil ane conponent. 52. The bonded abrasive
product oRfdes,| iaitalubiloaribercetitintoRRiel 8h Bkid¥ehitMnium carbide, synthetic
hydrophilic silane conponent includes at |east one
conpoundianaid angangse digride.rineprinmseyids rad sl ieomnigtids.
group consisting of am nes, diamnes, triam nes,
azithe, dhe Imetmﬁrdefpid:dﬁnm@owgmat he svaﬂfmmyodlac@akmywe grain is
oXi m no and zi nyl, sil
53, "The WS ab P U e aBe B bgthieaNsbaih PEiid about
st he rel abgacefoy alwﬂmsmhh fn :§5fa|n?86f S&W@Qﬂ@éﬂut i1 Delisd&Sand about
at | east one conpound from at [east one menber
sel ect ed*f¥om the group consisting of vinyl silanes,
mel hacryl ate silanes, sulfur silanes, nercapto
si PAnes The pmkl}o@ﬂ C@m§9an¢icrphethy burdideamedified dbradihegrain is
bonded abr

ct o | ai.m.51.. wher gi
the gra. BieRal dfertietdie g abnl Bl T P AT b el 3 houss
Si S |n of di amond, corundum enery, garnet,
P AR e PihC: chaony, 17t

quart2|te S|I|ca feIdsF pum ce, talc, bor on
10car bi de® cubP OB FRRPeREN @ﬂ@ fused alunina, ceranic

al um nugy oxi ¢g abx'&?i@{: Iaﬁr?@&rﬁ&bn%gﬂkﬂhﬂﬂ&h%@ éiilg:br% Wiiif and a

zirconi a, glass Féon iron oxi
tant al um car lﬁ|lmie)vet:1¢ae abrasiox gody, thd filnokictleljing 4 whitivaly

car bi de, n ti nond, nmanganese .di.o
o ont um o b ST o nY AN 3 FelgtrolyR Eagapaigsilane

abrasi ve progdggbohtclaim5 1, wherein the nmean
particle dianmeter is in a range of between about 10 nm

15an@26 Mhe BEndelN®rRRRIBEIRPEASAMES prv@ﬁ:'i’@ﬁ 1 re 1@&1m}§droph1hc
1, "wherein the silane conponents are polynerized

di sti ncsilingdoophnéit énchrs hyl@m pho bemp@oidylinem ef least one member

- pol 57. The.bo
o oot v B e Ropth frbf BN Bmtles, SRS e i e,

of the azol, ureido, isocyanate, atkoxy, acetoxy, oximino, chloro, morpholiny! and

piperazinyl silanes.

20 53.  The bonded abrasive product of claim 51, wherein the relatively hydrophobic
silane component includes at least one compound from at least one member
selected from the group consisting of viny! silanes, methacrylate silanes,

sulfur silanes, mercapto silanes, epoxy silanes and phenyl silanes.

54.  The bonded abrasive product of any of claim 51, wherein the grain is at least
25 one member selected from the group consisting of diamond, corundum,
emery, gamet, chert, quartz, sandstone, chalcedony, flint, quartzite, silica,
feldspar, pumice, talc, boron carbide, cubic boron nitride, fused alumina,
ceramic aluminum oxide, heat treated aluminum oxide, alumina zirconia,

glass, silicon carbide, iron oxides, tantalum carbide, cerium oxide, tin oxide,



rel atively hydrophilic silane conponent to the

relatively hydrophobic silane conponent is in a range
WQ@RoobaLaseen about 1:99 to about 99: 1. 58 The PONUB09/040797

abrasive grain of claimb5l, wmprein the abrasive grain

I's seeded sol-gel alumna grain, and the filmis a

pol ysi | oxane that includes g-

met hacr yilexom c@dydel §intedtio dximdiidl Maggassd Miexiy drirphnl 6xide,

conponent and 3- am nopropyltriethoxysilane as the

hydr ophiahq giligempéidnt . 59. A nethod of maki ng a bonded

abrasi ve product, conprising the steps of: a)

combi ni Age bendad abedsyvetpyedusphf ¢laion Shdvireedinthomban particle

hyd hghi Il f ' ;b
conbi i AT L R B T Pub Al T3S TG S 'Ane

sol.ution, ¢) drol yzi ng, at | east ortion of the

i Plne ?@ﬁ%&}ﬂfgﬁvﬁ%@r%ﬂ V%f?(#ﬂcaoén%m { sthered i 1ane cefpponents are
bl endi ngof AR DY RONYERAh ALl O Bndhi do AHLAL AFI¥R, co-pol
grain c%ﬁgyhgﬁegnt to form ?heb’lgldrfacey- rrg%]i{bfi e%l Zbr s ve e
grai n; e} blook gpmglymegy. een tool; and f) curing the
green tool to formthe bonded abrasive product. 60. A
metthod dhe gonddi abgasore graintoif ngira Showhketieabe weghpratisiofighe

the step of | yi .tao, the workpi ece an abrasiye .
or oduct TIRGETY RedroRiEtc 51495 Comarne s dtriivy Brdgphobic silane
101 el ati vebyphya aRialrhfgedTheAdh aBARNE® BiabaReso: .

conmponents. 61. A surface-nodified abrasive grain,

CORRr i Sitig :boﬁ‘cledac{?)rﬁ!f\reagt?!ig]i\ﬂ%fgfaﬁh B Blhéednl the hbrhlil Shtafty8'seeded
on the abrasive grain at includes a relatively

hydr ophistiige! slunzing geonpohtwetiiimand polysdosae tire ifdlhdes y-

| ayer over, the first filmlayer that |nclude.a

ol at i VISP BB B & R he Ao B bi€ sapgponent and 3
coat ed aRfigprysy@fetokddiBh® aslihe W@IBhilic’@bmpeasl.. one of

the first and second filmlayers are pol ynerized. 63.

15A goat edh AT talliyiaoRided PSRN S prdbuctBdonBpr@tkihB Seps of:

a) combining relatively hydrophilic and relatively hydrophobic silane

components to form a mixture;

b) combining the mixture with a solvent to form a silane solution;

¢) hydrolyzing at least a portion of the silane components to form a
20 hydrolyzed solution;

d) blending the hydrolyzed solution with an abrasive grain component

to form the surface-modified abrasive grain;
€) forming a green tool; and
f) curing the green tool to form the bonded abrasive product.
25 60. A method of grinding or cutting a workpiece, comprising the step of
applying to the workpiece an abrasive product that includes a polymerized
combination of relatively hydrophilic and hydrophobic silane components.

61. A surface-modified abrasive grain, comprising:

a) an abrasive grain;



b) a make coat on the backing; and c) an abrasive
conponent at the nmake coat, the abrasive conponent

WO p@ai3sy an abrasive grain, a first fil ml ayRCT/oR20091¢40797
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abrasive grain that include a g atively hydrophilic
si tane conponent, and a second filmlayer over the
first filmlayer that includes a relatively

hydr ophgbi ¢ i@ nLiaPRAUMaRs alﬁ“ﬁslvér ,E‘t%nﬂ*ﬁﬁttlﬁgluépsr ﬁl%'laYl%ely
product of claim63, Wwherein at |east one of first

and second flhvmolphyleﬁdal’aﬁr@rrp@mmﬁmdzed 65. A bonded

b7 asi ve) Conponeitt e e oRa® Hed AR B0 sl B retativel

conmponent i n@yw@bng}lagﬁlaa{ércaﬁ,lpyﬁc@r ain, a first film
| ayer on the abrasive grain that incl udes a relatively

hy gpophithhi Gostld @RBsiCOPARGNS 1, AN rdn S8R End bf Hﬂe'fﬁ‘é&%ﬁd second
over the first filmlayer that includes a relatively

hydr ophdibindaxsirs ameobyorgpenént . 66. The bonded abrasi ve
of claim®65, wherein at |east one of the first and
seédnd fA tomddeabesssveanreéclpaloymekinzed.
a) a backing;
b) a make coat on the backing; and
c) an abrasive component at the make coat, the abrasive component
including an abrasive grain, a first film layer on the abrasive grain
that include a relatively hydrophilic silane component, and a second

film layer over the first film layer that includes a relatively

hydrophobic silane component.

64.  The coated abrasive product of claim 63, wherein at least one of the first and

second film layers are polymerized.

65. A bonded abrasive product, comprising:
a) a bond; and
b) an abrasive component at the make coat, the abrasive component

including an abrasive grain, a first film layer on the abrasive grain
that includes a relatively hydrophilic silane component and a second
film layer over the first film layer that includes a relatively

hydrophobic silane component.

66. The bonded abrasive of claim 65, wherein at least one of the first and second

film layers are polymerized.



